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ABSTRACT
A r esear ch  p r o j e c t  was under taken to  develop a 
per formance-based  c u r r i c u l u m  model f o r  Nevada Test  S i t e  
R a d i a t i o n  P r o t e c t i o n  T ec h n i c i a n s .  The study began wi th  
an ove rv iew  o f  R a d i a t i o n  P r o t e c t i o n  T ec hn i c i an  t r a i n i n g  
c u r r i c u l a  w i t h i n  the  Department  of Energy (DOE) 
Government C o n t r a c t o r  system and the T r a i n i n g  
A c c r e d i t a t i o n  Manuals used f o r  program e v a l u a t i o n  of  DOE 
system t r a i n i n g  programs.
The r ese ar ch  des ign inc l uded  data from a two page 
q u e s t i o n n a i r e .  F u r t h e r  data was prov ided from ot her  
R a d i a t i o n  P r o t e c t i o n  Tec hn i c ian  t r a i n i n g  programs w i t h i n  
the DOE system.  The developed model u t i l i z e d  a 
f i v e - p h a s e / s t e p  approach t o  c ur r i c u l u m  design  
encompassing ( 1 )  Needs A n a l y s i s ,  ( 2 )  Designing the  
T r a i n i n g  Process ,  ( 3 )  Development  o f  Cur r icu l um and 
Support  M a t e r i a l s ,  ( 4 )  T r a i n i n g  I m p le m en t a t i on ,  (5 )  
T r a i n i n g  E v a l u a t i o n .  The Needs An a ly s is  determined the  
s p e c i f i c  m a t e r i a l  t o  be covered in the  t r a i n i n g  program.
111
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Designing the T r a i n i n g  Process i nvo l ved  choosing,  from 
the  c o r e / g e n e r i c  job t asks  i d e n t f i e d  in the Needs 
a n a l y s i s ,  the s p e c i f i c  knowledge and s k i l l s  l e a r n i n g  
o b j e c t i v e s  f o r  the program.  Development of  Curr iculum  
and Support  M a t e r i a l s  i nvo l ved  choosing the method of  
i n s t r u c t i o n ,  i d e n t i f y i n g  which tasks would be taught  
o n - t h e - j o b  and des ign ing  the q u a l i f i c a t i o n  s tandard and 
l esson plans f o r  the t a s k s .  Implement ing the t r a i n i n g  
i nvo l ved  b u i l d i n g  a schedule  of  t r a i n i n g  t h a t  was 
workable  w i t h i n  the c o n s t r a i n t s  o f  normal Test  S i t e  
o p e r a t i o n s .  E v a l u a t i n g  the  T r a i n i n g  prov ided t o o l s  and 
suggested p r a c t i c e s  f o r  the c u r r i c u l u m  model to use.
Recommendations i nc l uded  the development  o f  a 
documented and a cc ount ab l e  o n - t h e - j o b  t r a i n i n g  program 
f o r  newly h i re d  R a d i a t i o n  P r o t e c t i o n  T ec hn i c i ans  and 
develop a program f o r  exper ienced  R a d i a t i o n  P r o t e c t i o n  
Tec hn i c i ans  which helps them pass the N a t i o na l  R e g i s t r y  
exami n a t i  o n .
1 V
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE OF CONTENTS
Page
LIST OF T A B L E S .......................................................................................... v i i i
LIST OF FIGURES.............................................................................................i x
Chapter
1. THE PROBLEM.................................................................................1
I n t r o d u c t i o n  .....................................................................  1
Statement  of  the Problem ........................................  3
Assumptions of  the Study ........................................  4
L i m i t a t i o n s .............................................................................. 10
Treatment  o f  the Data and
Design of  the S t u d y ..................................................... 11
D e f i n i t i o n  of  R ad i a t ion  P r o t e c t i o n
and Educat ion Terms......................................................13
O r g a n i z a t i o n  of  the Study............................................13
2. REVIEW OF RELATED LITERATURE.......................................15
R a d i a t ion  P r o t e c t i o n  T r a i n i n g  a t
DOE Faci  1 i t i e s ............................................................... 15
B a c k g r o u n d ......................................................................... 15
DOE C o n t r a c t o r  R a d ia t i o n  P r o t e c t i o n
Techn i c ian  Manpower Trends ..............................  16
DOE C o n t r a c t o r  R a d i a t i o n  P r o t e c t i o n
T ec hn i c ian  Workforce C h a r a c t e r i s t i c s  . . 17
General  Job D e s c r i p t i o n ............................................17
Curr icu lum Development T h e o r y .............................19
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter  Page
Vo ca t ion a l  Cur r i cu lum Development . . . .  22
Performance-Based Voca t ion a l
Curr icu lum Development ......................................... 24
I d e n t i f y i n g  T r a i n i n g  Requi rements . . .  25
Method of  P r e s e n t a t i o n .............................................. 28
Chapter  Summary ............................................................  31
3. DESIGN OF THE STUDY............................................................. 32
Research Design ............................................................  32
D i s t r i b u t i o n ....................................................................... 33
I n s t r u m e n t .   ................................................... 33
Ins t rument  V a l i d i t y  ........................................  34
I ns t rument  R e l i a b i l i t y ......................................... 34
Treat ment  of  t he  D a t a ................................................... 35
Cu r r i c u l u m Models Surv eyed ......................................... 35
Chapter  Summary ............................................................  39
4.  RADIATION PROTECTION TECHNICIAN
CURRICULUM MODEL .......................................................  40
Model I m p l e m e n t a t i o n ........................................................ 40
Phase 1 -  Analyze Needs . . . . . . . .  40
Phase 2 -  Design the T r a i n i n g  Process . 46
Phase 3 -  Develop Curr i cu l um and
Support  M a t e r i a l s  ....................  46
Phase 4 -  Implement the T r a i n i n g .  . . .  50
Phase 5 -  E v a l u a t e  the T r a i n i n g  . . . .  51
Chapter  Summary ............................................................  52
VI
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS. 53
Summary o f  the F i n d i n g s ...............................................53
C o n c l u s i o n s ............................................................................ 54
Recommendations f o r  Rad i a t ion  P r o t e c t i o n
Techn i c ian  T r a i n i n g  C u r r i c u l a  ....................  55
Recommendations f o r  Future S t u d y ...........................57
SELECTED BIBLIOGRAPHY ........................................................................ 58
APPENDICES....................................................................................................
A. NEVADA TEST SITE RADIATION PROTECTION
TECHNICIAN TECHNICIAN QUESTIONNAIRE. . . 61
B. REYNOLDS ELECTRICAL & ENGINEERING CO. ,
I NC . ,  RADIATION PROTECTION TECHNICIAN
JOB DESCRIPTION.................................................................. 64
C. RADIATION PROTECTION & EDUCATION
TERMS AND DEFINITIONS....................................................65
D. QUESTIONNAIRE COVER LETTER .....................................  72
VI  1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLES
T a b l e  Page
1. Major  Data Source Ca tegor ies  ......................  11
2. Standard Verbs f o r  the I d e n t i f i c a t i o n
o f  Human C a p a b i l i t y ..........................................................30
3. Resu l ts  of  the Ques t io n na i re  Survey.  . . .  43
VI IT
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FIGURES
F i g u r e  Page
1. F i e l d  Opera t ions  Sect ion
O r g a n i z a t i o n a l  Chart  ............................................  5
2.  Defense Waste Management Department
O r g a n i z a t i o n a l  Chart  ............................................  6
3.  Labora tory  Operat ions Sect ion
O r g a n i z a t i o n a l  Chart  ............................................. 7
4.  Envi ronmental  T r a i n i n g
O r g a n i z a t i o n a l  Chart  ............................................  8
5. A Model f o r  Curr iculum Design (Taba)  . . .  37
6.  The Go l ds te in  Model of  an
I n s t r u c t i o n a l  System ............................................  38
1 X
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 1 
THE PROBLEM 
I n t r o d u c t i o n
The purpose o f  t h i s  study was to de t er mi ne  t he  
c o n te n ts  and common sub jec t  areas a s s oc i a t e d  wi th  the  
Reynolds E l e c t r i c a l  & Eng ineer ing  Company, I n c o r p o r a t e d  
(REECo) R a d ia t i o n  P r o t e c t i o n  Tec hn i c i an  ( R a d i a t i o n  
M o n i t o r )  job a t  the Nevada Test  S i t e  ( NTS) .  Once the  
common s u b j e c t  areas were found,  an a p p r o p r i a t e  t r a i n i n g  
c u r r i c u l u m  was developed so t h a t  R a d i a t i o n  P r o t e c t i o n  
T e c hn i c ia n s  (RPTs) ,  in f u t u r e  t r a i n i n g  programs,  could be 
t r a i n e d  in t hese  common areas .
The ph i losophy  o f  r a d i a t i o n  exposure "as low as 
p r a c t i c a b l e "  (ALAP) had i t s  o r i g i n s  in the  pos t - Ma nha t ta n  
P r o j e c t  e r a .  Before World War I I ,  r a d i a t i o n  p r o t e c t i o n  
was based on the  T o l e r anc e  Dose concept .  This r a d i a t i o n  
p r o t e c t i o n  standard was based on the  b e l i e f  o f  t h e  
" t h r e s h o l d  t h eo r y"  (meaning t h e r e  e x i s t e d  a minimum dose 
t o  cause d e l e t e r i o u s  e f f e c t s ) .  Observa t ions  of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
o c c u p a t i o n a l l y  exposed persons to exposures w i t h i n  t h i s  
l i m i t  had r ev e a l e d  no d e l e t e r i o u s  e f f e c t s  of  any kind  
a t t r i b u t a b l e  to  r a d i a t i o n .
With the  f l u r r y  o f  new data  and i n f o r m a t i o n  
r eg ar d in g  r a d i a t i o n  and r a d i a t i o n  exposures from the  
Manhat tan P r o j e c t ,  i t  was b e l i e v e d  t h a t  t he  per iod of  
o b s e r v a t i o n  o f  these  o c c u p a t i o n a l l y  exposed workers may 
not have been long enough to be sure t h a t  exposure at  
t h i s  r a t e  could be s a f e l y  cont inued through l i f e .
The f i r s t  meet ing o f  the  N a t i ona l  Committee on 
R a d i a t i o n  P r o t e c t i o n  (NCRP) was held in December 1946.  
Committee No. 1,  d e a l i n g  w i t h  r a d i a t i o n  from e x t e r n a l  
sources was regarded as the prime commi t tee f o r  
d e v e l o p i n g  t he  bas ic  p r o t e c t i o n  ph i losophy  f o r  the whole 
NCRP. The new concept  o f  " p e r m i s s i b l e  dose standard"  
emerged.  Th is  s tandard was based on the  p r o b a b i l i t y  t h a t  
any p r a c t i c a l  l i m i t  o f  r a d i a t i o n  exposure may i n v o l v e  
some r i s k  o f  p o s s i b l e  harm. The goal o f  the  s e t t i n g  of  
t he  " p e r m i s s i b l e  dose" was to c r e a t e  a l i m i t  where the  
r i s k  was so smal l  t h a t  i t  would be r e a d i l y  a c c ep t ab l e  to  
t he  normal i n d i v i d u a l ;  t h a t  i s ,  a r i s k  e s s e n t i a l l y  the  
same as in  o r d i n a r y  p r ese nt  occupat ions  not  i n v o l v i n g  
exposure t o  r a d i a t i o n .
I t  was emphasized at  t h i s  t i m e ,  t h a t  w i t h  adherence  
to  the  p r i n c i p l e s  of  r a d i a t i o n  p r o t e c t i o n ,  r a d i a t i o n  
exposure could be m in i m i z e d .  Thus t he  ph i losophy  of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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m a i n t a i n i n g  doses to  the lowest  p r a c t i c a l  l e v e l ,  or as 
low as p r a c t i c a b l e  (ALAP) had emerged.  ALAP was based on 
the  most c o n s e r v a t i v e  v iew t h a t  any exposure has a r i s k  
of  a d e l e t e r i o u s  e f f e c t  ( l i n e a r  dose-response  
r e l a t i o n s h i p ) .  The ph i losophy  was to  emphasize sound 
r a d i a t i o n  p r o t e c t i o n  plans and programs t h a t  would 
a c t i v e l y  min imi ze  r a d i a t i o n  exposure;  t h e r e f o r e ,  
m i n i m i z i n g  the r i s k  o f  d e l e t e r i o u s  e f f e c t .
The ph i lo sophy  ALARA found i t s  o r i g i n s  in ICRP 
Report  No. 9,  and ALARA was l a t e r  c l a r i f i e d  by ICRP 
Report  No. 22 ( " r e a d i l y "  was l a t e r  changed to  
" r e a s o n a b l y " ) .  The ph i losophy  of  ALARA e x i s t s  today in  
T i t l e  10 o f  the  Code o f  Federal  Regu l a t i ons  Par t  2 0 . 1 ( c )  
and in DOE Order  5 4 8 0 . 1 1 .
With t h e  b i r t h  o f  ALAP/ALARA came the b i r t h  of  a new 
v o c a t i o n / o c c u p a t i o n ,  t h a t  o f  the Ra d i a t ion  P r o t e c t i o n  
Tec hn i c i an  to  ensure adherence of  t h i s  ph i losophy  and the  
r e g u l a t i o n s  which c a r r y  the weight  o f  the  law.
S t atement  of  the Problem
There has been a problem wi th  past  Reynolds  
E l e c t r i c a l  & E n g in e e r i n g  Company, I n c .  (REECo) Ra d ia t io n  
P r o t e c t i o n  T e c h n i c i a n  (RPT) t r a i n i n g  programs at  the  
Nevada Test  S i t e  (NTS) not  meet ing the needs of  most of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4t he  s t u d e n t s .  The reason t r a i n i n g  has not  met the needs 
i s  because these RPTs, once h i red  and t r a i n e d ,  are  
assigned to  one o f  sever a l  work l o c a t i o n s  around the NTS. 
Typ ica l  work l o c a t i o n s  are the Decontaminat ion  F a c i l i t y ,  
d r i l l i n g  r i g s ,  e x p e r i me nt a l  t u n n e l s ,  l a b o r a t o r y  support  
s e r v i c e s  a nd /o r  env i ronmenta l  m o n i to r i n g  sup por t .
( R e f e re nc e  F i gur es  1 through 4 showing t he  REECo 
o r g a n i z a t i o n  and personnel  c h a r t s . )  These f a c i l i t i e s  a l l  
r e q u i r e  t h a t  the  RPTs have some common fundamental  
knowledge of  r a d i o a c t i v i t y  and r a d i a t i o n  p r o t e c t i o n  
pr oce dur es .  S p e c i f i c a l l y ,  t h i s  study a t tempted to  
de t e r mi ne  the f o l l o w i n g :
1. What t he  core c u r r i cu l um  f o r  the  R a d ia t i o n
P r o t e c t i o n  Techn i c ian  t r a i n i n g  program
should be.
2. What p o r t i o n s  o f  the  c u r r i c u l u m  should be
On- t he - Job  t r a i n i n g .
3. What e y a l u a t i o n  methods should be inc luded
in the  c u r r i  cul  um model .
Assumptions of  the Study
In t h i s  s tudy sever a l  assumptions were made:
1. I t  was assumed t h a t  the f o u n d a t i o n  of  a 
R a d i a t i o n  P r o t e c t i o n  Tec hn i c ian  (RPT) t r a i n i n g  c ur r i c u l um  
should c o n t a i n  bas ic  t e c h n i c a l  a nd /o r  v o c a t i o n a l  
components such as knowledge of  n u c le a r  physics t h e o r y ,  
r a d i o a c t i v e  decay ,  r a d i a t i o n  d e t e c t i o n  i n s t r u m e n t a t i o n
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( o p e r a t i o n  and t h e o r y ) ,  fundamental  p r a c t i c e s  in 
r a d i a t i o n  p r o t e c t i o n  (such as using t i m e ,  d i s ta nc e  and 
s h i e l d i n g  countermeasures to reduce r a d i a t i o n  exposure)  
and the f e d e r a l  regu l a t ions /DOE Orders f o l lowed by a l l  
NTS employees.
2. I t  was assumed in t h i s  study t h a t  the personnel  
employed in r a d i a t i o n  p r o t e c t i o n  at  the  NTS were 
q u a l i f i e d  t o  r e p o r t ,  w i t h  a reasonable  degree of  
accuracy ,  the  bas ic  educat iona l  and or t r a i n i n g  needs of  
NTS RPTs.
3. I t  was assumed f or  t h i s  study t h a t  i n d i v i d u a l  
respondents would judge the impor tance of  the var i ous  
q u e s t i o n n a i r e  i tems based on t h e i r  own frame of  r e f e r e n c e  
and c a r e er  e x p e r i e n c e .
4.  I t  was assumed f or  t h i s  study t h a t  the  
respondents r e a l i z e d  the  nec ess i ty  o f  both " formal  
educat ion"  and "work exper ience"  f o r  the t r a i n i n g  
r equi rements  o f  an e n t r y  l eve l  RPT.
5.  I t  was assumed t h a t  op in ions expressed by those  
respondents used in t h i s  study would have reasonable  
l o n g - te r m  a p p l i c a b i l i t y  and v a l i d i t y  f o r  NTS RPTs of  the  
f u t u r e .
6.  U s u a l l y  a Job Analys is  q u e s t i o n n a i r e  conta i ns  
quest ions on the  " D i f f i c u l t y ,  Importance and Frequency"  
of  task  per formance .  I t  was assumed f o r  t h i s  study t h a t  
a l l  t asks  performed by the RPTs are i mp or tan t  and are of
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s u f f i c i e n t  d i f f i c u l t y  t o  w a r r a n t  t r a i n i n g .  The average  
f requency the tasks  were per formed was what was d e t e r ­
mined to f a c i l i t a t e  the development  of  the  g en e r i c  
cu r r i c u l u m model .
L i m i t a t i o n s
The l i m i t a t i o n s  o f  t h i s  p a r t i c u l a r  s tudy were as 
f o l 1ows:
1.  The study was d ev e l opm ent a l ;  t h e r e f o r e ,  i nput  
from j ob incumbents fo l l owed  no p r e v i o u s l y  
e s t a b l i s h e d  p a t t e r n s  and r epresented  
u n s c i e n t i f i c ,  d i v e r g e n t  v iews.
2.  Job con ten t  r e se ar ch  was based p r i m a r i l y  on 
data  ga t hered  from j ob  incumbents,  w i t h  o t he r  
R a d i a t i o n  P r o t e c t i o n  Techn i c ians  in the  
Department  of  Energy (DOE) system and Nuclear  
Power i n d u s t r y  s e r v i n g  as secondary data  
so u r c e s .
3.  D i s t r i b u t i o n  o f  t h e  q u e s t i o n n a i r e  was conducted  
by " in - ho u se "  m a i l i n g s  to  a l l  j ob  incumbents  
wi t h  a cover  sheet  signed by the  He a l th  Physics  
Department  Manager (See Appendix D) .
D i s t r i b u t i o n  l i k e  t h i s  c a r r i e s  i n h e r e n t  
l i m i t a t i o n s  t h e r e i n .
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Treatment  o f  the  Data and Design of  the Study
Data f o r  a n a l y s i s  was gathered from t hr ee  major  
sources and c a t e g o r i z e d  as shown in Table 1.
Tab le  1. Major  Data Source Ca tegor ies
I I I I I
R a d i a t i o n  P r o t e c t i o n  
PersonneT
Supervi  sors  
Incumbents  
Re gul a to rs  
T r a i n i n g  Programs
Educat ion
Admi ni s t r a t o r s  
I n s t r u c t i o n a l  S t a f f  
St udents
V o c a t i o n a l / T r a d e  
Schools
P u b l i c a t i o n s
EDUCATION 
Books 
J ourna ls  
Di s s e r t a -  






Jou rn a l s  
T r a i n i n g  
Manuals
GENERAL 
G o v t . 
Documents
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Opinions v a r i e d  among managers and t r a i n i n g  s t a f f  
concerning the  con ten ts  of  the  NTS R a d i a t i o n  P ro t e c t i o n  
T ec hn i c ian  t r a i n i n g  c u r r i c u l u m .  The cur r i cu l um in use 
p r i o r  to  the complet ion  of  t h i s  study was const ruc ted  
p r i m a r i l y  by T r a i n i n g  Adv isory  Committee (managers and 
t r a i n e r s )  member dec is i ons  w i th  no RPT i n p u t .  As the  
research  and a n a l y s i s  c o n t i n u e d ,  the  c u r r i c u l u m ' s  
composi t ion was determined more and more from incumbent  
and f i r s t - l i n e  s u p e rv i s i o n  i n p u t .
Several  models in the  f i e l d  o f  cur r i cu l um design  
were examined be f or e  the f i n a l  s e l e c t i o n  was made:
1. T y l e r ' s  Model ,  because of  i t s  use of  m u l t i p l e
i n f o r m a t i o n  sources ,  as a bas is  f o r  dec id i ng  
o b j e c t i v e s  (_11. 1949,  p . 5 ) .
2.  Taba 's  Model ,  due t o  i t s  wide scope and general
a p p l i c a t i o n  (J[3, 1962,  p . 4 3 8 ) .
3.  G o l d s t e i n ' s  Model ,  due to i t s  emphasis on
plann i ng  and e v a l u a t i o n ,  and the a b i l i t y  to  
pr ov i de  ongoing program r e v i s i o n  ( 6 ,  1974,
p . 1 8 ) .
The model t h a t  was f i n a l l y  chosen f o r  t h i s  study was 
from The Guide to Good P r a c t i c e s  in R a d i a t ion  P r o t e c t i o n  
T r a i n i n g  ( ^ ,  1988,  p . 3 - 1 7 ) .  This model was chosen 
because the  c ur r i c u l u m  development  method o u t l i n e d  gave 
the bes t  assurances t h a t  a competent ,  e n t r y  l e ve l  
employee would r e s u l t  a t  the  end o f  the  t r a i n i n g  program.
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D e f i n i t i o n  of  R a d i a t i o n  P r o t e c t i o n  and Educat ion Terms
A s e l e c t e d  g l o s s a r y  of  Ra d i a t ion  P r o t e c t i o n  
and Educat ion terms i s  i nc luded in Appendix C.
O r g a n i z a t i o n  of  t he  Study
The s tudy was d i v i d e d  i n t o  f i v e  chapte rs :
Chapter  1 r e v e a l s  the  problem,  which i nc luded a 
short ,  h i s t o r y  o f  t he  weapons t e s t i n g  program and the As 
Low As Reasonably Ach i evab l e  (ALARA) ph i losophy .  The 
ch a p t e r  c l a r i f i e s  t h a t  t he  purpose o f  the  study was to  
deve lop  a g e n e r i c  c u r r i c u l u m  model f o r  NTS R ad i a t ion  
P r o t e c t i o n  T e c h n i c i a n  t r a i n i n g .  Also i n c l u d e d ,  were  
d e f i n i t i o n s  of  r a d i a t i o n  p r o t e c t i o n  and educat ion terms  
used in t he  s t udy .
Chapter  2 i s  a s e l e c t i v e  review o f  r e l a t e d  
l i t e r a t u r e ,  which i n c l ud ed  s t ud i es  o f  e x i s t i n g  c u r r i c u l u m  
models in R a d i a t i o n  P r o t e c t i o n  Tec hn i c ian  t r a i n i n g  and 
v o c a t i o n a l / t e c h n i c a l  c u r r i c u l u m  development  models were 
a l so  r ev i ew ed .  Spec ia l  a t t e n t i o n  was given to  the  r o l e s  
of  a d v is o ry  commi t t ees ,  i n s t r u c t i o n a l  s t a f f ,  s t uden ts  and 
i n d u s t r y  in  c u r r i c u l u m  development .  A d d i t i o n a l l y ,  the
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c o g n i t i v e  domain in Bloom's Taxonomy o f  Educat ional  
O b j e c t i v e s  was r e v i e we d ,  keeping in  mind i t s  r e l a t i o n  to  
R a d i a t i o n  P r o t e c t i o n  Te c hn i c ian  t r a i n i n g .
Chapter  3 r e f l e c t s  the design o f  the s tudy,  
demonstrated i n s t r u m e n t a t i o n ,  d i s t r i b u t i o n  procedures ,  
t r e a t m e n t  of  the d a t a ,  and a survey o f  c ur r i c u l u m  models 
used in the s tudy .
Chapter  4 i s  the  NTS R a d i a t i o n  P r o t e c t i o n  Technic ian  
c u r r i c u l u m  model ,  which conta ined schemat ic  and n a r r a t i v e  
v e r s i on s  of  t he  f i n a l  model .
Chapter  5 i s  the summary, c o n c l u s i o n s ,  and 
recommendat ions,  which conta i ned  a summary and con c l us i ve  
a n a l y s i s  of  the  study and made f i n a l  recommendat ions to  
the  Company and recommendat ions f o r  f u t u r e  s t u d i e s .
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REVIEW OF RELATED LITERATURE
R a d i a t i o n  P r o t e c t i o n  Tec hn i c i an  
T r a i n i n g  at  DOE F a c i l i t i e s
The rev i ew of  r e l a t e d  l i t e r a t u r e  was s e l e c t i v e  and 
computed by r ese a rc h i n g  e x i s t i n g  R a d i a t i o n  P r o t e c t i o n  
T e c hn i c i a n  (RPT) t r a i n i n g  c ur r i c u l um s w i t h i n  the DOE 
c o n t r a c t o r  system using a per formance-based approach to  
t r a i n i n g .  The T r a i n i n g  A c c r e d i t a t i o n  Program Manuals 
which d es cr ibe d  the o b j e c t i v e s  and c r i t e r i a  aga ins t  which 
DOE n u c l e a r  f a c i l i t y  t r a i n i n g  i s  e v a l u a t e d  f o r  
a c c r e d i t a t i o n  were a l so  rev i ewed.  Other  p u b l i c a t i o n s  
d e a l i n g  wi t h  c u r r i c u l u m  development  f o r  a d u l t  t r a i n i n g  
programs were a lso rev i ewed.
Background
In r e c e n t  years  increased a t t e n t i o n  has been given  
to  a l l  aspects  o f  the o p e r a t i o n  of  Department  of  Energy
15
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(DOE) n u c l e a r  f a c i l i t i e s .  C o n t r i b u t i n g  to t h i s  is  the  
f i n d i n g  t h a t  the  s e v e r i t y  o f  the a c c i d e n t  a t  the Three  
M i l e  I s l a n d  nuc l ea r  power p l a n t  in Pennsy lvan ia  in 1979 
had,  in  l a r g e  p a r t ,  been a t t r i b u t e d  to  personnel  t r a i n i n g  
d e f i c i e n c i e s .  I n i t i a l l y  the impact  o f  the Three M i l e  
I s l a n d  a c c i d e n t  and the  lessons l e a r n e d  were d i r e c t e d  
onl y  t o  DOE r e a c t o r  f a c i l i t i e s .  This  r e s u l t e d  in 
numerous i n i t i a t i v e s  by the DOE to upgrade the s a f e t y  of  
o p e r a t i o n s  and to improve the  t r a i n i n g  of  personnel  
r e s p o n s i b l e  f o r  o p e r a t i n g  these  f a c i l i t i e s .
Many o f  t he  DOE f a c i l i t y  t r a i n i n g  programs have been 
in p l ac e  f o r  years  and wh i l e  t h e i r  development  was not  
s t r u c t u r e d  using the per formance-based t r a i n i n g  approach,  
over  t i m e ,  t h e se  programs have evo lved  to i nc l ude  many 
per formance-based  t r a i n i n g  c h a r a c t e r i s t i c s .  For o ther  
programs,  e f f o r t s  have occurred to enhance the programs 
by using per formance-based t r a i n i n g  approaches.  I t  i s  the  
wish o f  the  DOE t h a t  these programs not  be d i s c a r d e d ,  but  
r a t h e r  t h a t  per formance-based t r a i n i n g  methods be used to  
v a l i d a t e  t he  con t en t  and methods o f  conduct ing these  
programs and t o  r e v i s e  them where r e q u i r e d .
DOE C o n t r a c t o r  R a d i a t i o n  P r o t e c t i o n  Techn i c ian  Manpower
Trends
"Growth in  r a d i a t i o n  p r o t e c t i o n  manpower has not  
occur red  e v e n l y  t hr oughout  the DOE c o n t r a c t o r  system,  but  
has been c o n c e n t r a t e d  in those f a c i l i t i e s  whose f u nc t io ns
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are  p r i m a r i l y  waste processing and management,  fuel  
r e p r o c e s s i n g ,  and weapons f a b r i c a t i o n  and t e s t i n g .  
Seventy- two percent  of  the FY- I 983  R a d i a t i o n  P r o t ec t i on  
Techni c ians  were employed in  weapons f a b r i c a t i o n  and 
t e s t i n g ,  t he  fuel  c y c l e ,  r e a c t o r s  and waste processing and 
management" ( 2 0 ,  1984,  p. 1 0 ) .
DOE C o nt r a c to r  RPT Workforce C h a r a c t e r i s t i c s
In g e n e r a l ,  the  f a c i l i t i e s  t h a t  prov ided formal  
i n -house  t r a i n i n g ,  as a c o n d i t i o n  o f  employment,  f o r  
t h e i r  RPTs did not r e q u i r e  any formal  educa t ion  beyond 
high school .  This o bs er va t ion  held t r u e  f o r  the REECo 
RPTs as wel l  (see Appendix C) .
The a p p l i c a n t s ,  more o f ten  than n o t ,  were requ i red  
to pass an exam which t e s t s  f o r  s p e c i f i c ,  e n t r y  l e v e l ,  
math and sc ience knowledge necessary f o r  successful  
compl et ion  of  the t r a i n i n g  program.
The f a c i l i t i e s  w i t h  lower  e n t r y - l e v e l  requi rements  
tended to  prov ide  more hours of  formal  classroom t r a i n i n g  
and have designed t h e i r  programs so t h a t  a l l  classroom 
t r a i n i n g  was completed be f or e  new employees were assigned  
to  work l o c a t i o n s  f o r  the o n - t h e - j o b  p o r t i o n  of  t h e i r  
t r a i n i n g  program.
General  Job D e s c r i p t i o n
R a d i o l o g i c a l  P r o t e c t i o n  Tec hn i c ians  a t  the  Nevada 
Test  S i t e  perform fundamental  assignments r e l a t i n g  to  the  
p r o t e c t i o n  o f  NTS workers from unwarranted r a d i a t i o n  
exposur e ,  a id  in the  e v a l u a t i o n  or r a d i a t i o n  hazards,  and
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help i n  t he  deve lopment / i mp lementa t i on  of  methods and 
procedures necessary to ensure r a d i o l o g i c a l  s a f e t y  w i t h i n  
t h e i r  area of  c o n t r o l .
These i n d i v i d u a l s :
1. A s s i s t  in the con t r o l  of  e n t r y  and e x i t  
requi rements  at  r a d i a t i o n  ex c lu s io n  areas;
2. Issue p r o t e c t i v e  c l o t h i n g  and equipment to 
personnel  and i n s t r u c t  workers in i t s  proper use;
3. Perform simple r a d i o a c t i v e  waste management 
d u t i e s  i n c l u d in g  r e c e i p t  and disposal  of  
r a d i o a c t i v e  waste and assoc i ated  minor  
record keepi  ng ;
4.  Perform decontamina t ion  of  equipment ,  operate  
mobi le  decontamina t ion  equipment ,  washing 
machines,  e x t r a c t o r s  and d rye r s  used in the  
decontamina t i on  o f  p r o t e c t i v e  c l o t h i n g  and 
equipment ;
5.  Perform r a d i a t i o n  surveys and c o l l e c t  samples;
6.  Perform physical  checks and ma i n t a in  records  
on the l o c a t i o n  and o pe r a t in g  c o n d i t i o n  of  
equipment used by the Heal th Physics Department;
7.  A s s i s t  in the s e l e c t i o n  and c o l l e c t i o n  of  
envi ronmenta l  samples f o r  e v a l u a t i o n ;
8.  A s s i s t  in the handl ing  and use o f  r a d i a t i o n  
sources ;
9.  Perform r a d i a t i o n  surveys on equipment and 
m a t e r i a l  p r i o r  to i t s  d isposa l  (JJ^, 1988,  p. 1 ) .
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Curr icu lum Development Theory
Al though l i t t l e  m a t e r i a l  was a v a i l a b l e  t h a t  used 
R a d i a t i o n  P r o t e c t i o n  as t he  s u b j e c t ,  the  l i t e r a t u r e  
showed t h a t  c ur r i c u l u m  design was not s imply  a f u n c t i o n  
of  s u b j e c t  m a t t e r  a r ea .  A model g ives  order  to the  
process .  H i l d a  Taba s t a t e s  t h a t :
G e n e r a l l y  spe ak i ng ,  a conceptual  system f o r  
c u r r i c u l u m  or t he or y  o f  c ur r i c u l um  is  a way o f  o r g a n i z i n g  
t h i n k i n g  about  a l l  ma t te r s  t h a t  are i mp or tan t  to  
c u r r i c u l u m  development :  what the c u r r i c u l u m  c o n s i s t s  o f ,
what i t s  i mp o r t a n t  e lements a r e ,  how these are chosen and 
o r g a n i z e d ,  what the sources o f  c u r r i c u l u m  d e c i s i o n s  a r e ,  
and how the i n f o r m a t i o n  and c r i t e r i a  from these sources 
are  t r a n s l a t e d  i n t o  c u r r i cu l um  d e c i s i o n s  (1_2, 1962,  
p. 4 2 0 ) .
Ms. Taba b e l i e v e d  t h a t  the c u r r i c u l u m  should be 
designed by the t e a ch e rs  ( Su b j e c t  M a t t e r  E x pe r ts )  r a t h e r  
than handed down by h i gher  a u t h o r i t y .  She advocated an 
i n d u c t i v e  approach t o  c ur r i c u l u m  deve lopment ,  s t a r t i n g  
wi t h  s p e c i f i c s  and b u i l d i n g  up to a genera l  design as 
opposed t o  t h e  more t r a d i t i o n a l  d e d u c t i v e  approach of  
s t a r t i n g  w i t h  the  general  design and working down to the  
s p e c i f i c s  ( 2 1 ,  1982,  p.  161 ) .
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The f o l l o w i n g  f i v e - s t e p  sequence o f  s teps i s  what  
Taba proposed f o r  accompl ish ing c u r r i c u l u m  change:
1. Product ion  by teachers  o f  p i l o t  
t e a c h i n g - l e a r n i n g  u n i t s  r e p r e s e n t a t i v e  of  the grade  
l e v e l  or s ub j e c t  a r e a .  Taba saw t h i s  step as l i n k i n g  
t heor y  wi th  p r a c t i c e .
2.  T es t i n g  ex p er iment a l  u n i t s .  The u n i t s  must 
be t es t ed  to e s t a b l i s h  t h e i r  v a l i d i t y  and 
t e a c h a b i l i t y  and to set  t h e i r  upper and lower  l i m i t s  
of  r e qu i r ed  a b i l i t i e s .
3.  Re v i s i ng  and c o n s o l i d a t i n g .  The u n i t s  are  
modi f i ed  to conform to v a r i a t i o n s  in s t udents  needs 
and a b i l i t i e s ,  a v a i l a b l e  resources and d i f f e r e n t  
s t y l e s  of  t e a c h i n g  so t h a t  the c u r r i c u l u m  may s u i t  
a l l  types of  c l assrooms.  Taba would charge t r a i n i n g  
sup er v is o rs  w i th  the t ask  of  " s t a t i n g  the  p r i n c i p l e s  
and t h e o r e t i c a l  c o n s i d e r a t i o n s  on which the  s t r u c t u r e  
o f  the u n i t s  and the s e l e c t i o n  o f  con ten t  and 
l e a r n i n g  a c t i v i t i e s  are  based and suggest ing the  
l i m i t s  w i t h i n  which m o d i f i c a t i o n s  in the  classroom  
can take  p l a c e . "
Taba recommended t h a t  such " c o n s i d e r a t i o n s  
and suggest ions might  be assembled in a handbook 
e x p l a i n i n g  the  use of  the u n i t s . "  ( T h i s  i s  done a t  
the  NTS by the  use of  T r a i n i n g  Plan Manua l s . )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
4.  Developing a f ramework.  A f t e r  a number of  
u n i t s  have been c o n s t r u c t e d ,  the c ur r i c u l u m  planners  
must examine them as to  adequacy of  scope and 
a p p r o p r i a t e n e s s  o f  sequence.  The c ur r i c u l um  
s p e c i a l i s t  would assume the r e s p o n s i b i l i t y  of  
d r a f t i n g  a r a t i o n a l e  f o r  the c u r r i c u l u m  which has 
been developed through t h i s  process.
5.  I n s t a l l i n g  and d i s s e m i n a t i n g  new u n i t s .  In 
or der  f o r  t ea che r s  to e f f e c t i v e l y  put  the  
t e a c h i n g - l e a r n i n g  u n i t s  i n t o  o p e r a t i o n  in t h e i r  
c l assr ooms ,  Taba s t a t e d  a d m i n i s t r a t o r s  should arrange  
a p p r o p r i a t e  t r a i n i n g  ( ^ ,  1982,  pp. 1 6 1 - 1 6 4 ) .
Ralph T y l e r ' s  model i s  perhaps one o f  the best  known 
models f o r  c u r r i c u l u m  development  because of  the specia l  
a t t e n t i o n  given to  the p lanning phases.  T y l e r  recommended 
t h a t  c u r r i c u l u m  p l anners  i d e n t i f y  general  o b j e c t i v e s  by 
g a t h e r i n g  data from t h r e e  sources:  the l e a r n e r s ,
contemporary  l i f e  o u t s i d e  the school and the subject  
m a t t e r .
The l e a r n e r s :  Educat iona l  o b j e c t i v e s  should be
obt a i ned  by g a t h e r i n g  and a na lyz i ng  da t a  r e l e v a n t  to 
st uden t  needs and i n t e r e s t s .  The t o t a l  range o f  needs,  
( i . e . ,  e d u c a t i o n a l ,  s o c i a l ,  o c c u p a t i o n a l ,  p h y s i c a l ,  
p s y c h o l o g i c a l ,  and r e c r e a t i o n a l )  i s  s t u d i e d .  Ty l e r  
recommended o bs e r v a t i o n s  by t e a c h e r s ,  i n t e r v i e w s  wi th  
s t u d e n t s ,  i n t e r v i e w s  wi t h  paren ts  ( i n  t h i s  case 
s u p e r v i s o r s ) ,  q u e s t i o n n a i r e s  and t e s t s  as techniques f o r  
c o l l e c t i n g  data  about  s tudents  ( 1^,  1949,  p.  12 ) .
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Contemporary L i f e :  T y l e r  suggested t h a t  cur r i cu l um
planners  develop a c l a s s i f i c a t i o n  scheme t h a t  d i v i d es  
l i f e  i n t o  va r ious  aspects such as h e a l t h ,  f a m i l y ,  
r e c r e a t i o n ,  v o c a t i o n ,  r e l i g i o n ,  consumption,  and c i v i c  
r o l e s  ( j ^ ,  1949,  p . 1 9 ) .
The Sub jec t  M a t t e r :  The general  o b j e c t i v e s  come
from the s ub j ec t  ma t te r  e x p e r t s .  These o b j e c t i v e s  or 
goals may be p e r t i n e n t  to s p e c i f i c  d i s c i p l i n e s  or may cut  
across d i s c i p l i n e s .
He then said t h a t  the general  o b j e c t i v e s  should be 
" f i l t e r e d "  through two screens:  the educat iona l  and
soc ia l  ph i losophy  o f  the school (Company) and the  
psychology o f  l e a r n i n g .  The general  o b j e c t i v e s  t ha t  pass 
through the  two "screens"  then become s p e c i f i c  
i n s t r u c t i o n a l  o b j e c t i v e s  (^1 ,  1982,  p.  156 ) .
Vocat iona l  Curr iculum Development
Whi le  t he  sys te ma t i c  development of  i n s t r u c t i o n  is a 
s p e c i f i c  procedure t h a t  can be descr ibed in d e t a i l ,  the  
procedure i s  not s p e c i f i c  to subject  m a t t e r  or voc a t ions .  
I t  seems t h a t  r e gar d l ess  o f  the sub jec t  m a t t e r ,  the  
procedure f o r  development  i s  b a s i c a l l y  the same.
Mager and Beach des cr ibe  t hr ee  phases o f  course  
development :  the p r e p a r a t i o n  phase,  the development
phase and the improvement phase.  Each phase includes  
severa l  s t e ps :
1. P r e p a r a t i o n  Phase: Designed to i nsur e  t h a t  a l l
the i n f o r m a t i o n  and p r a c t i c e  necessary to perform the job  
are i nc l uded  in the  course .  This phase l eads to  the 
s y s te m at ic  d e r i v a t i o n  of  course o b j e c t i v e s ,  and begin 
with the j o b  i t s e l f  r a t h e r  than wi th c o n t e n t .
a .  Job D e s c r i p t i o n :  Descr ibe ,  in general
t e r ms ,  what someone does when per forming the j o b .
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b.  Task A n a l y s i s :  Descr i be  j ob  per formance in
f i n e r  d e t a i l ,  l i s t i n g  each of  the tasks which the job  
i s  composed and d e s c r i b i n g  the steps in each o f  these  
t a s k s .
c .  T a r g e t  P o p u l a t i o n :  The s tuden t  p o p u l a t i o n  
i s  d e s c r i b e d ,  as i t  e x i s t s ,  r a t h e r  than as you would 
l i k e  i t  to  be.
d.  Course P r e r e q u i s i t e s :  These are  prepared
p r i m a r i l y  on the bas is  of  the s tudent  d e s c r i p t i o n ,  
and are  ad j u s t e d  on the bas is  of  the course  
o b j e c t i v e s .
e .  Course O b j e c t i v e s :  Der ived from the t a sk  
a n a l y s i s  i n f o r m a t i o n  and may be a d j us t ed  on the  bas is  
of  course p r e r e q u i s i t e s  and such a d m i n i s t r a t i v e  
c o n s t r a i n t s  as a v a i l a b l e  t ime and f a c i l i t i e s .
f .  C r i t e r i o n  Examina t i on:  ( S i m i l a r  to f i n a l  
i n s p e c t i o n )  i s  developed s t r i c t l y  from the course  
o b j e c t i v e s ,  and the p r e r e q u i s i t e s  t e s t  ( e n t e r i n g  
s k i l l  t e s t )  i s  developed s t r i c t l y  from the course  
p r e r e q u i s i t e s  ( £ .  1967,  p.  3 ) .
2.  Development  Phase: Begins by o u t l i n i n g
i n s t r u c t i o n a l  u n i t s  in terms o f  job t asks  so t h a t  a t  the
end of  each u n i t  the s tudent  w i l l  be ab le  to do something  
t h a t  he/she c o u l d n ' t  do b e f o r e ,  thus h e l p i n g  to i n s u r e  
cont i nued m o t i v a t i o n  o f  the s t u d e n t .  P r e l i m i n a r y  
sequencing o f  t he  u n i t s  is  then c a r r i e d  out  accord ing  to  
guides i ntended t o  maximize s tudent  s k i l l  and course  
e f f i c i e n c y .  Content  i s  i d e n t i f i e d ,  i n s t r u c t i o n a l  
procedures or  m a t e r i a l s  r e l e v a n t  t o  each lesson are  
l i s t e d ,  and an a p p r o p r i a t e  s e l e c t i o n  i s  made. F i n a l  
sequencing i s  e s t a b l i s h e d ,  l esson plans are  completed and 
t he  course i s  ready f o r  t r y o u t  ( £ ,  1967,  p.  5 ) .
3.  Improvement Phase: I n vo l ves  checking to see how
we l l  the  i n s t r u c t i o n  meets the  o b j e c t i v e s ,  and checking  
to see how t h e  o b j e c t i v e s  con t i nue  to  meet the j o b .  
I n d i c a t e d  m o d i f i c a t i o n s  are then made, and another  t r y o u t  
i s  conducted ( 9 ,  1967,  p.  6 ) .
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Performance-Based Vocat iona l  Cur r i cu l um Development
Per formance-based t r a i n i n g  has proven to  be a h i g h l y  
e f f e c t i v e  means o f  ensur ing  t h a t  t e c h n i c a l  support  
personnel  l i k e  R a d i a t i o n  P r o t e c t i o n  Tec hn i c i ans  are  
t r a i n e d  to conduct  t h e i r  assignments s a f e l y  and 
e f f i c i e n t l y .  "The commercial  nuc lea r  power i n d u s t r y ,  as 
wel l  as o t he r s  in p r i v a t e  i n d u s t r y ,  i n i t i a t e d  a 
per formance-based t r a i n i n g  development  process which has 
had s i g n i f i c a n t  p o s i t i v e  impact  on personnel  t r a i n i n g "  
( ^ ,  1988,  p.  1 . 2 ) .
F o l l o w i n g  along wi t h  per formance-based t r a i n i n g  
development  and e v a l u a t i o n  p r a c t i c e s ,  the NTS Basic  
R a d i a t i o n  P r o t e c t i o n  Tec hn i c ian  t r a i n i n g  program 
comprised a m i x t u r e  o f  both classroom and o n - t h e - j o b  
t r a i n i n g .  The process by which the c u r r i c u l u m  was 
dev e loped ,  however ,  did n o t .  The Company plans t o  adopt  
the per formance-based t r a i n i n g  development  process by the  
end o f  F i s c a l  Year 1989.  I t  should be noted t h a t  the  
Nevada Tes t  S i t e  R a d i a t i o n  P r o t e c t i o n  Tec hn i c i an  t r a i n i n g  
program does not f a l l  under the DOE order  f o r  
a c c r e d i t a t i o n .  REECo plans to adhere to DOE f a c i l i t y
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t r a i n i n g  a c c r e d i t a t i o n  r equ i rements  so t h a t  i f / w h e n  NTS
RPT t r a i n i n g  a c c r e d i t a t i o n  comes to pass,  an
" a c c r e d i t a b l e "  t r a i n i n g  program w i l l  a l r e ad y  be in p l a c e .
I d e n t i f y i n g  T r a i n i n g  Requirements
The p r i ma ry  methods used f o r  i d e n t i f y i n g  t r a i n i n g  
requ i rement s  i n c l u d e ;  Needs A n a l y s i s ;  Job A n a l y s i s ;  and 
Task A n a l y s i s .  These ana lyses  prov ide  assurance t h a t  
t r a i n i n g  i s  the  a p p r o p r i a t e  s o l u t i o n  to  per formance  
problems,  and w i l l  i d e n t i f y  requ i rements  t h a t  serve as 
the bas is  f o r  the  des ign and development  of  
per formance-based  t r a i n i n g  programs.
Job and t ask  ana lyses  are two d i s t i n c t  phases o f  the  
a n a l y t i c a l  procedure used to  f i nd  out  e x a c t l y :
What people do in t h e i r  j o b s ;
What c o n d i t i o n s  t h ey  work under;
What are t he  knowledge,  s k i l l s  and a b i l i t i e s  
(KSAs) t hey  must possess t o  per form t h e i r  
jobs  a d e q u a t e l y ;
What are t he  standards f o r  adequate per formance;  
and
What are  t h e  consequences o f  improper  j ob  
per formance ( ^ 0 ,  1988,  p.  6)?
The knowledge and s k i l l s  r e q u i r e d  to per form the  job  
are i d e n t i f i e d  by s t r u c t u r e d  i n t e r v i e w s  of  h i g h l y  
exp er ien ced  j o b  i ncumbents ,  o f t e n  c a l l e d  the  
s u b j e c t - m a t t e r  e x p e r t  (SME).  These i n t e r v i e w s  are  
p l anned,  s p e c i f i c - s u b j e c t  d i a l o gu es  and are  conducted and 
c o n t r o l l e d  by the i n t e r v i e w e r .  The i n t e r v i e w e r  needs to
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be f a m i l i a r  wi th  both the sub jec t  area  and the  
i n d i v i d u a l s  being i n t e r v i e w e d .  F a c i l i t y  procedures  
should a lso  be a na l y z e d ,  e i t h e r  i n s t e a d  o f  or in 
c o n j u n c t i o n  wi th  j ob  incumbent i n t e r v i e w s  to obta in  the  
r e q u i r e d  i n f o r m a t i o n .
I t  should be noted t h a t  t h e r e  are  severa l  v a r i a t i o n s  
to t h i s  approach t h a t  prov ide  e s s e n t i a l l y  the same 
r e s u l t s .  Sometime the  SME i s  the person per forming the  
a n a l y s i s  ( Th i s  was t he  case f o r  t h i s  s t u d y . ) .  In t h i s  
case ,  i n t e r v i e w s  are  unnecessary .  The members of  the  
t r a i n i n g  s t a f f  are o f t e n  the s u b j e c t - m a t t e r  e x p e r t s ,  and 
th ey  per form the a n a l y s i s  through group d i s c u s s i o n .  This  
p a r t i c u l a r  approach i s  c a l l e d  a "Tab l e  Top Analys is"
( ^ ,  1988,  p.  7 ) .
A j ob  a n a l y s i s  s imply  i d e n t i f i e s  and ranks a l l  the  
tasks  ass oc i a t ed  w i th  a j o b .  A t a s k  a n a l y s i s  i d e n t i f i e s  
the  e l e m e n t s ,  and t he  knowledge and s k i l l s  f o r  each 
e l e m e n t ,  t h a t  are necessary  to  per form each o f  the many 
t asks  which make up an i n d i v i d u a l  j ob  ( ^ ,  1983,  p.  6 ) .
In deve lop ing  a competency/per formance-based  
t r a i n i n g  program,  how the tasks  are  s t a t ed  is  almost  as 
i mp o r t a n t  as the s e l e c t i o n  o f  the tasks  themselves .
Blank g i ves  a guide t o  w r i t i n g  task s t a tements  by saying  
t h a t  i t  should meet the  f o l l o w i n g  c r i t e r i a :
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A j  ob task  :
1. Is a v a l u a b l e  accompl ishment  f o r  which an
employer  or consumer i s  w i l l i n g  to pay.
2. Is a complete u n i t  of  work per formed on the j ob ;
when completed,  the worker f e e l s  t h a t  something  
has been accompl ished.
3. Has d e f i n i t e  beginning and ending p o i n t s .
4. May be broken down i n t o  severa l  procedural  s t eps ,
from s t a r t  to f i n i s h .
5. May be t y p i c a l  assignment  given to a worker on
the  j o b .
6.  Resul ts  in a f i n i s h e d  product  or  s e r v i c e  or
change in the work env i ronment .
7.  Has meaning f o r  the t r a i n e e  to want to  l e a r n ;
r e s u l t s  in some meaningful  accompl ishment .
8.  Makes sense f o r  the s tudent  to l e a r n  as a
s ep ar a t e  i n s t r u c t i o n a l  u n i t .
9.  Begins w i th  an a c t i o n  verb in the  present  t ense .
10.  Is sho r t  and p r e c i s e .
11. Can u s u a l l y  be l ea r ned  in about  6 to  30 hours
(_1, 1982,  p. 78 ) .
Mager and Beach have i d e n t i f i e d  f i v e  types of  
performance wi t h  which we can a s s o c i a t e  expected l e a r n e r  
per formance.  These a r e :
1. D i s c r i m i n a t i o n  -  (Knowing when to  do i t .
Knowing when i t  i s  done)
2. Problem So lv i ng  -  (How to dec ide  what to do)
3. Recal l  -  (Knowing what to do.  Knowing why to  do
i t )
4.  M a n i p u l a t i o n  -  (How to  do i t )
5.  Speech - (How to  say i t )  ( ^ ,  1967,  pp. 4 4 - 5 1 ) .
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Method o f  P r e s e n t a t i o n
Many d i f f e r e n t  methods o f  p r e s e n t a t i o n  are a v a i l a b l e  
t o  choose from to  use in the process o f  changing  
b e h a v i o r .  There i s  no one method which w i l l  serve best  
under a l l  c i rcumst ances .  Each method has i t s  advantages,  
l i m i t a t i o n s ,  and spec ia l  a p p l i c a t i o n s .  I t  becomes a 
problem o f  s e l e c t i n g  the i n s t r u c t i o n a l  method which best  
helps t he  l e a r n e r  reach the i n s t r u c t i o n a l  o b j e c t i v e .
The r e t e n t i o n  o f  l ea r ned  m a t e r i a l  i s  i n f l ue nc e d  by 
the  n a t u r e  of  the m a t e r i a l ,  the  use to  which i t  is p u t ,  
and the way in which i t  i s  l ea r ned  ( 1 6 ,  1971,  p. 1 1 ) .
The key to  i n s t r u c t i o n a l  method s e l e c t i o n ,  t h e n ,  i s  
the  l e a r n i n g  o b j e c t i v e  i t s e l f .  What i s  i t  you want the  
l e a r n e r  to be ab l e  to do a f t e r  h i s / h e r  encounter  wi th  the  
l e a r n i n g  s i t u a t i o n ?  What kind o f  per formance w i l l  be 
expected o f  the l e a r n e r ?  Only a f t e r  you have answered 
these  quest i ons  are you in a p o s i t i o n  to pick an 
a p p r o p r i a t e  i n s t r u c t i o n a l  method.
Concerning the i n s t r u c t i o n a l  method.  T r i c e  s t a t e d :
Formal t r a i n i n g  ( l e c t u r e )  i s  most e f f e c t i v e  as a 
means o f  p r es e n t i n g  g en e r i c  r a d i a t i o n  p r o t e c t i o n  concepts  
and of  i n t r o d u c i n g  t r a i n e e s  to methods and procedures of  
comprehensive r a d i a t i o n  s a f e t y  programs Because such
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t h e o r e t i c a l  concepts are  a p p l i c a b l e  across the  broad 
range o f  r a d i a t i o n  p r o t e c t i o n  s i t u a t i o n s  encountered by 
t r a i n e e s ,  the s t r u c t u r e d  u n i f o r m i t y  imposed by formal  
classroom t r a i n i n g  i s  a p p r o p r i a t e  to  the m a t e r i a l s  t o  be 
p r e s e n t e d ,  and formal  t e s t i n g  i s  an a p p r o p r i a t e  t echn i que  
f o r  d e t e r m i n i n g  whether  or  not t r a i n e e s  have s u f f i c i e n t l y  
mastered the  t r a i n i n g  m a t e r i a l  ( 1 ^ ,  1984,  p.  4 1 ) .
M a t e r i a l  t h a t  i s  meaningfu l  to  t he  l e a r n e r  i s  
r e t a i n e d  l o n ge r  than t h a t  which i s  n o t .  Thus 
under stand i ng  t he  m a t e r i a l ,  see ing i t s  r e l a t i o n s h i p  t o  
p r e v i ous  l e a r n i n g  or t h e  i n d i v i d u a l ' s  goals and 
o b j e c t i v e s ,  and h i s / h e r  awareness o f  the p r a c t i c a l  
u t i l i t y  o f  t h e  m a t e r i a l  to  be l e a r n ed  w i l l  i n cr ease  
r e t e n t i o n  (1_6, 1971,  p.  1 1 ) .
One o f  t h e  main b e n e f i t s  to  be de r i ved  from task  
a n a l y s i s  r esear ch  i s  t h e  d e r i v a t i o n  o f  beh av i or a l  l e a r n i n g  
o b j e c t i v e s .
According to  Gagne and B r i g g s :  The beh av i o r a l
o b j e c t i v e s  should c o n t a i n  a d e s c r i p t i o n  of  t he  des i r ed  
t e r m i n a l  b e h a v i o r ,  i n c l u d i n g  s p e c i f i c a t i o n  o f  the  
necessary  ev idence  to  ensure c o m p l e t i o n .  This i n c l udes  
s t a t i n g  the  c o n d i t i o n s  o f  per formance and the a c c ep t ab l e  
l e v e l  o f  per formance .  For example ,  from memory the  
R a d i a t i o n  P r o t e c t i o n  T e c h n i c i a n  w i l l  s t a t e  the emergency  
c a l l - o u t  personnel  l i s t .  With t h e  development  o f  these  
o b j e c t i v e s  compl et ed ,  t he  second step  i s  to  c l a s s i f y  t h e  
o b j e c t i v e s  i n t o  c a t e g o r i e s  o f  l e a r n e d  c a p a b i l i t i e s .
These l ea r ned  c a p a b i l i t i e s  a r e :
a) I n t e l l e c t u a l  S k i l l
b) C o g n i t i v e  S t r a t e g y
c)  I n f o r m a t i o n
d) A t t i t u d e
e) Motor S k i l l
The c l a s s i f i c a t i o n  o f  t h e  knowledge c a t e g o r i e s  i n t o  
t he  l e a r n i n g  c a p a b i l i t i e s  i s  accompl ished by r e l y i n g  on 
t he  verbs con ta i ned  in  t he  t a sk  s t a t e m e n t s .  Tab le  2 g i ve s  
examples o f  s tandard  verbs used in t he  i d e n t i f i c a t i o n  o f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30
human c a p a b i l i t i e s .  A f t e r  the a p p r o p r i a t e  human 
c a p a b i l i t y  has been i d e n t i f i e d ,  the best  p r e s e n t a t i o n  
method can be s e l e c t e d .
Tab le  2.  STANDARD VERBS FOR THE IDENTIFICATION OF 
HUMAN CAPABILITY
Human C a p a b i l i t y  
I n t e l l e c t u a l  S k i l l
C o g n i t i v e  S t r a t e g y  
I n f o r m a t i  on 
A t t i  tude  
Motor S k i l l
Sample Standard C a p a b i l i t y  Verbs
Di sc r i mi na tes  
I den t i  f i e s  
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Chapter  Summary
Thi s  chapte r  concent ra ted  on research on e x i s t i n g  
R a d ia t io n  P r o t e c t i o n  Technic ian  cur r i cu l ums w i t h i n  the  
DOE system.
Also examined were var i ous  c u r r i c u l a r  models and 
p r i n c i p l e s .  Inc luded were acknowledged components used 
in  c u r r i c u l u m  development  and e v a l u a t i o n  such as 
management,  i n s t r u c t i o n a l  s t a f f ,  adv isory  committees and 
s t u d e n t s .
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Chapter  3 
DESIGN OF THE STUDY
Thi s  study was conducted by using v a r i ou s  resources  
i n c l u d i n g  q u e s t i o n n a i r e s  and formal  r e s e a r c h .  The 
rese ar ch  provided the t h e o r e t i c a l  and p r a c t i c a l  
f o u n d a t i o n  on which o t her  e lements  o f  the study could be 
based.  The research  i ns t ru me nt  was c r ea t e d  by deve lop ing  
a shor tened  ve r s ion  o f  the q u e s t i o n n a i r e  used in t h e ,  
n a t i o n a l ,  j ob  con ten t  study o f  n u c l e a r  power p l a n t  Hea l th  
Physics T e c h n i c i a n s ,  done by the I n s t i t u t e  of  Nuclear  
Power Opera t ions  ( I N P Q ) ,  e x i s t i n g  NTS R a d i a t i o n  
P r o t e c t i o n  Techn i c ian  t r a i n i n g  c u r r i c u l u m s ,  o t he r  DOE 
c o n t r a c t o r  RPT c u r r i cu l um s and the  REECo job d e s c r i p t i o n  
f o r  a R a d i a t i o n  Mon i to r  I ( e n t r y  l e v e l ,  see Appendix B) 
as a base.
Research Design
Groups surveyed f o r  t h i s  s tudy i n c l u d e d :
1. Job incumbents a t  the  NTS.
2.  Super v i sor s  o f  RPTs a t  the  NTS.
3.  Managers o f  the  work g r o up s /a g en c i e s  where 
t he  RPTs are a s s ig n ed .
32
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D i s t r i b u t i o n
The q u e s t i o n n a i r e  (see Appendix A) was admi n i s t e r ed  
to  a 55 person un i ve r se  which inc l uded job incumbents,  
s u p e rv is o rs  and managers.  The p op u l a t i o n  un i ver se  t h a t  
was chosen was the NTS employees because the NTS i s  the  
onl y  f a c i l i t y  in  the Uni ted S t a t es  where nuc lear  weapons 
t e s t i n g  i s  per formed.  The NTS employees were the on l y  
p o p u l a t i o n  t h a t  could prov i de  the i n f o r m a t i o n  needed f o r  
t h i s  s tudy .  D i s t r i b u t i o n  of  the q u e s t i o n n a i r e  was 
accompl ished p r i m a r i l y  through the i n t ra - company  mai l  
system using the Hea l th  Physics Department  employee  
l i s t i n g  as the m a i l i n g  l i s t  source.
Inst rument
One i ns t ru me nt  was used to ga t her  the d a t a .  The 
q u e s t i o n n a i r e ,  shown in Appendix A, focused on the  
f requency  wi th  which common j ob  tasks were performed and 
a l so  had a remarks s e c t i o n .  The q u e s t i o n n a i r e  had 19 
i tems and used a s i x - r e s p o n s e ,  numbered sca le  f o r  the  
f requency  of  per formance of  the  t a s k ( s ) .  Number 0 on the
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s c a le  was " Nev er " ,  meaning "Not p a r t  o f  the  j o b " ;  number 
1,  " R a r e l y " ,  meaning "Must be able t o  per form the task  
but t he  t ask  was a c t u a l l y  only  performed once a year  or 
l ess  o f t e n " ;  number 2,  "Seldom",  meaning "Performed about  
3 or 4 t i m e s / y e a r " ;  number 3,  " O c c a s i o n a l l y " ,  meaning 
"Performed about  once a month";  number 4,  " O f t e n " ,  
meaning "Per formed about  once a week";  and number 5,
"Very O f t e n " ,  meaning "Performed d a i l y " .  The 20th i tem 
was t h e  remarks s e c t i o n  f o r  the respondent  to i n d i c a t e  
any s p e c i a l  t ask  knowledge ( i . e . ,  not  l i s t e d  in quest ions  
1 through 19)  t hey  used in the performance o f  t h e i r  j o b .
Ins t rument  V a l i d i t y
The i ns t ru me nt  was developed by using a shortened  
v e r s i o n  o f  a q u e s t i o n n a i r e  crea ted by the I n s t i t u t e  fo r  
Nuc lear  Power Oper a t ion s  ( INPO) f o r  a ,  n a t i o n a l ,  job  
c o n te n t  s tudy of  Hea l th  Physics Tec hn i c i ans  in nuc lea r  
power p l a n t s ,  e x i s t i n g  Rad i a t i on  P r o t e c t i o n  Techni c ian  
t r a i n i n g  c u r r i c u l u m s  which were developed j o i n t l y  by 
t r a i n i n g  personnel  and RPT s u p er v is o ry  p e r s o n n e l ,  and NTS 
Hea l t h  Physics per so nne l .
Ins t rument  R e l i a b i l i t y
The i ns t ru me n t  was submi t ted to a panel of  
i n t r a - Company  e xp e r t s  and they  agreed the quest ions were 
r e l e v a n t  to  the job tasks performed by the NTS RPTs.
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Treatment  o f  the  Data
The q u e s t i o n n a i r e  r e s u l t s  were counted manual ly  
using a Radio Shack EC-4008 s c i e n t i f i c  c a l c u l a t o r  f or  
c omputa t ions .  The data  was summed up t o  determine what 
the  m a j o r i t y  o f  respondents answered w i t h  respect  to a 
q u e s t i o n n a i r e  i t e m .  Depending on which side of  the  
m a j o r i t y  a q u e s t i o n n a i r e  i tem f e l l ,  t h e  dec is ion to t r a i n  
or not t r a i n  f o r  t h a t  ski  11/ a b i l i t y  was determined .  The 
r e s u l t s  are shown in Appendix A. Tables  and f i g u r e s  
i n d i c a t i n g  any response comparisons and pa t te r ns  are  
d i s p l a y e d  and ana lyzed in Chapter  4.
Cu r r i cu l um Models Surveyed
Curr i cu l um models r epor ted  in the l i t e r a t u r e  
appeared both in n a r r a t i v e  form and schemat ic  
c o n f i g u r a t i o n .  Models used in the study were l i m i t e d  to  
those wi th  some degree of  re l evance  to  Rad ia t i on  
P r o t e c t i o n  T e c h n i c i a n  t r a i n i n g .
Taba,  c i t e d  in Chapter  2,  developed a basic model 
f o r  c u r r i c u l u m  d e s i g n .  Her model ,  shown in F igure  5,  had 
c e r t a i n  components usefu l  in s p e c i a l i z e d  programs l i k e  
R a d i a t i o n  P r o t e c t i o n  such as;
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1. Lea rn ing  Exper iences
2.  S t a f f  U t i l i z a t i o n
3. C u r r i c u l a r  Scope
4.  Course Sequence
5. Learn ing  A c c o u n t a b i l i t y
6.  Course Content  (J ^ ,  1962 ,  p.  4 3 8 ) .
G o l d s t e i n ' s  model was a systems approach schemat ic  
emphasiz ing s p e c i f i c  i n s t r u c t i o n a l  o b j e c t i v e s ,  c o n t r o l l e d  
l e a r n i n g  e xp er ien ces  t o  ach ieve  the o b j e c t i v e s ,  c r i t e r i a  
f o r  pe r fo r mance ,  and e v a l u a t i o n .
This  model ,  shown in  F i gu r e  6 ,  i n v o l v e d  t h r e e  phases:  
assessment ,  t r a i n i n g  and deve lopment ,  and e v a l u a t i o n .
The most i m p o r t a n t  aspect  o f  the  model was t h a t  i t  
r epr es ent ed  the  t o t a l  system,  i n c o r p o r a t i n g  the i mp o r t an t  
i n s t r u c t i o n a l  processes t h a t  should be p a r t  o f  a 
wel l  conceived e d u c a t i o n a l  and /o r  t r a i n i n g  program 
( 6 ,  1974,  p.  1 8 ) .
The model had s e v er a l  advantages when a p p l i e d  to  
h e a l t h  physics  i n d u s t r y  r e l a t e d  programs.  F i r s t  i t  
provided a f rame o f  r e f e r e n c e  f o r  p l ann i ng  and 
e v a l u a t i o n .  I t  emphasized t h a t  e v a l u a t i o n  was an 
i m por ta n t  p a r t  o f  the  t o t a l  system and not  an a c t i v i t y  
under taken only  when something was wrong.  Second,  use of  
the  model gave impetus to  the  e s t a b l i s h m e n t  o f  t r a i n i n g  
o b j e c t i v e s  and t h e  development  o f  e v a l u a t i o n  procedures .
I t  d i r e c t e d  a t t e n t i o n  to  the  agreement  t h a t  should e x i s t  
between i n d u s t r y  goa ls  and o v e r a l l  e d u c a t i o n a l  o b j e c t i v e s  
and added the  necessary  emphasis to e v a l u a t i o n  p l a n n i n g .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
Objectives to be Achieved
Determined by Analysis of: Classified by: Levels of:
1. Culture and its needs 1, Types of behavior 1. Over-all aims of
2. The learner and learning 2. Content areas education
. processes, and principles 3. Areas of needs 2. School-wide
3. Areas of human knowledge Etc. objectives
and their unique functions 3. Specific instruc­
4. Democratic ideals tional objectives
Selecting Curriculum Experiences
Determined by what is Dimensions of:
known about:





Resources of the 
school 
Sole of other edu­
cative agencies
Possible Centers for Organising Curriculum
— —  —
Determined by Centers of organization: Affected by and
requirement of: affecting:
Continuity of Subjects The school organiza­
learning Broad fields tion
Integration of Areas of living Methods of using
learning Needs, experiences staff
Activities of children Methods of accounting
Focusing ideas for learning
_ Etc.
The Scheme of Scope and Sequence
Determined by: Dimensions of: Affected by:
Requirements of scope 
of learning 
Requirements of conti­
nuity of learning _
Scope and sequence of 
content 
Scope and sequence of 
_  mental operations —
Centers of organ­
izing curriculum
Figure 5: A Model for Curriculum Design (Taba)
















































Figure 6: The Goldstein Model of an Instructional System
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This model a lso  r epr es en t ed  a c l o se d - l o op  system t h a t  
used feedback to  modi fy  the program c o n t i n u a l l y  which is  
necessary in a dynamic i n d u s t r y  t r a i n i n g  program.
Programs were always viewed as u n f i n i sh ed  products ;  they  
could be c o n t i n u a l l y  mod i f i ed  as a r e s u l t  o f  feedback  
i n f o r m a t i o n  i n d i c a t i n g  whether the program o b j e c t i v e s  
were being met .
Chapter  Summary
This cha pt e r  i d e n t i f i e d  the research approach,  
reviewed the  e lements  and i n s t r u m e n t a t i o n  o f  the research  
d es i gn ,  and surveyed v a r i ou s  c u r r i cu l um  models.
The c u r r i c u l u m  models surveyed provided severa l  
components which were used in s e l e c t i n g  t he  f i n a l  
Ra di a t ion  P r o t e c t i o n  Technic ian  T r a i n i n g  Curr icu lum Model 
i n c l u d i n g :
1. The Taba Model conta ined methods f o r  s e l e c t i n g
c u r r i c u l a r  exper iences  and o r g a n i z i n g  
c u r r i c u l u m .
2. The G o l d s t e i n  Model emphasized the need f o r
c o r r e l a t i n g  Company ( i n d u s t r y )  goals  wi th  
e du c a t i o n a l  g o a l s .
These components were a l l  found in The Guide to  Good 
P r a c t i c e  in R a d i a t i o n  P r o t e c t i o n  T r a i n i n g  Document 
( 2 0 ,  1988,  pp.  3 - 1 7 )  which became the p r a c t i c a l  and /or  
o p e r a t i o n a l  base f o r  the f i n a l  Rad i a t ion  P r o t e c t i o n  
Techn i c ian  T r a i n i n g  Cur r icu l um Model .
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RADIATION PROTECTION TECHNICIAN CURRICULUM MODEL
The program model descr ibed  in the Guide to Good 
P r a c t i c e  in Ra d ia t io n  P r o t e c t i o n  T r a i n i n g  Manual ( 2 0 ,  
1988,  p.  3 - 1 7 )  u t i l i z e d  a 5 s tep / phase  o u t l i n e  to  
Performance-Based T r a i n i n g  Program Development .  When 
employed f o r  the NTS R a d ia t i o n  P ro t e c t i o n  Techni c ian  
(RPT) t r a i n i n g  program development ,  t h i s  approach 
r e q u i r ed  t h a t  the T r a i n i n g  S t a f f  ga t her  developmental  
i nput  from a the F i e l d  Operat ions Sect ion of  the  Hea l th  
Physics Depar tment .
Model Implementat ion
The o b j e c t i v e  o f  a t r a i n i n g  program is t o  ensure the  
safe and e f f i c i e n t  o p e r a t i o n  of  the f a c i l i t y .  To 
accompl ish t h i s ,  the  f o l l o w i n g  was done:
Phase 1 -  Analyze Needs
Some o f  the c i rcumstances which i n d i c a t e  a Needs 
An alys is  should be completed i n c l u d e :
40
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1. Changes in o r g a n i z a t i o n a l  g oa l s ,  o b j e c t i v e s ,  
and f u t u r e  p l ans;
2.  Development  and imp lementa t ion  o f  a 
per formance-based  t r a i n i n g  program;
3. Ma jo r  changes in the  scope of  jobs  and /or  
t as ks  ;
4.  Shor tages o f  q u a l i f i e d  personnel  or other  
changes in t he  composi t ion of  the work f o r c e ;
5.  Changes in  r e g u l a t o r y  r e qu i re m en t s ;
6.  F a c i l i t y  m o d i f i c a t i o n s  ( e x i s t i n g  and planned)  
and t e c h n o l o g i c a l  changes;
7. Job per formance d e f i c i e n c i e s ;
8.  T r a i n i n g  not  being conducted on tasks  t h a t
impact  s a f e t y  and r e l i a b i l i t y ;  and
9. T r a i n i n g  not  being conducted on tasks which
are  d i f f i c u l t  to  l e a r n  on the j o b .
The d i s t r i b u t e d  q u e s t i o n n a i r e  had c l e a r l y  de f ined
o b j e c t i v e s  which ensured t h a t  the amount and kind o f  data  
t h a t  was ga t her ed  was s u f f i c i e n t  to  make a w e l l - i n f o r m e d  
and e f f e c t i v e  d e c i s i o n  about  s t a f f  development .  The 
f o l l o w i n g  d e s c r i b e s  t he  j o b  a n a l y s i s  performed f o r  t h i s  
study :
Of the  55 q u e s t i o n n a i r e s  d i s t r i b u t e d ,  43 were 
r e t u r n e d  but  one was unusable .  T h e r e f o r e ,  42 
q u e s t i o n n a i r e s  were used t o  compi le the d a t a .
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I f  a m a j o r i t y  o f  the respondents answered in the  
ranges from 0 t o  2 ,  then the m a t e r i a l  would not be 
i n c l uded  in the gen er ic  c u r r i c u l u m .  The r a t i o n a l e  f o r  
t h i s  d e c i s i o n  was t h a t  i f  a m a j o r i t y  o f  the r espondents ,  
at  the most ,  on l y  seldomly r e qu i r ed  the k n o w l e d g e / s k i l l ,  
i t  would more a p p r o p r i a t e l y  be i nc l ud ed  in the  
Q u a l i f i c a t i o n  Standard ( Q u a l i f i c a t i o n  Check-Of f  l i s t ) o f  a 
work l o c a t i o n  where the k n o w l e d g e / s k i l l  was f r e q u e n t l y  
requi  r e d .
I f  a m a j o r i t y  o f  the respondents answered in the  
ranges from 3 t o  5,  then the m a t e r i a l  would be inc l uded  
in the developed g en e r i c  c u r r i c u l u m .  This  i n d i c a t e d  t h a t  
a m a j o r i t y  o f  the respondents r e qu i r e d  t h i s  knowledge/  
s k i l l ,  t h e r e f o r e ,  i t  should be i n c l u d ed  in the gener ic  
c u r r i c u l u m .
The i tems t h a t  would not be i nc l ud ed  in t h e  
" g e n e r i c "  t r a i n i n g  c ur r i c u l u m  would s t i l l  be t r a i n a b l e  
i t e ms .  The t r a i n i n g  of  these i t e ms ,  however,  would only  
occur when the R a d ia t i o n  P r o t e c t i o n  Techni c ian  was 
f i n a l l y  assigned to  h i s / h e r  work l o c a t i o n .  These i tems  
would be inc l uded  in the Q u a l i f i c a t i o n  Standard f o r  the  
s p e c i f i c  work l o c a t i o n  ( i . e . ,  t u n n e l s ,  decont amina t i on  
f a c i l i t y ,  low l e v e l  r a d i o a c t i v e  waste management) .
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Table  3. Re su l ts  o f  the Q u e s t i o n n a i r e  Survey
Quest ion % Ans, 
0 - 2
% Ans.  
3 - 5
Cur r i cu l  urn 
Deci si on
"n Qo you super v ise  
the  o p e r a t i o n  o f  or  
ope ra te  a Count er /
S c a l e r  or any o t h e r  
t ype  of  sample
count i ng  equipment? 7% 93% Tr a i n
2. Do you s u p e r v i s e ,  
h an d l e ,  l e a k  t e s t ,  
m o n i t o r ,  t r a n s f e r ,  
i n v e n t o r y ,  or dispose  
o f  r a d i o a c t i v e  sources
in your  job? 41% 59% Tr a i n
3. Do you s u p e r v i s e ,  
m o n i t o r ,  p e r f o r m ,  or  
record e f f l u e n t
r e l e a s e  i n f o r m a t i o n ?  64% 36% No Tra i n
4.  Do you s up e r v i s e  
the  o p e r a t i o n  of  or  
o p e ra t e  neut ron REM 
Counters ( P N R - 4 ) ,
A1pha survey meters ,
Ion Chambers,  G-M 
d e t e c t o r s .  T r i t i u m  
d e t e c t o r s  or
T e l e t e c t o r s ?  14% 86% Tr a i n
5. Do you s u p er v i s e  
t he  per formance o f  or  
per form decont ami na t i on  
o f  m a t e r i a l s ,  equipment ,
personnel  or  c l o t h i n g ?  12% 88% T r a i n
6.  Do you sup er v ise  
the  per formance of  or  
per form r a d i a t i o n  
c o n t a m i n a t i o n  surveys
of  m a t e r i a l s ,  equipment ,
personnel  or c l o t h i n g ?  6% 94% T r a i n
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7. Do you s u p e r v i s e ,  
re ad ,  z e r o ,  issue and/  
or record the  i ssue of  
pocket  dos imeters  or 
e x t r e m i t y  dos imet ry
(such as r i ng  badges)? 11%
8.  Do you sup er v i se  or  
per form the  c o l l e c t i o n  
of  u r i n e ,  nasal  or
t h r o a t  smear samples? 29%
9.  Do you sup er v ise  the  
performance o f  or  
per form pre and /or  post  
e v e n t ,  area moni tor ing? 36%
10. Do you s e l e c t  or  
s up er v i se  the s e l e c t i o n  
of  a p p r o p r i a t e  
r e s p i r a t o r y  p r o t e c t i o n  
equipment  based on a i r  
sample or o t h e r  r e s u l t s ?  57%
11. Do you s u p e r v i s e ,  
o b t a i n ,  c o u nt ,  document  
or rev i ew t he  r e s u l t s  of  
a smear survey f o r  loose  




Tr a i n
Tra in
Tra i n
44% No t r a i n
91% Tr a i n
12. Do you s u p e r v i s e ,  
per form or i n t e r p r e t  the  
r e s u l t s  o f  an I n d u s t r i a l  
Hygiene survey ( a i r  
q u a l i t y  or  t e m p e r a t u re )  
to  de t er mine  the
habi t a b i l i t y  o f  an
area? 59% 41% No Tra in
13.  Do you s u p e r v i s e ,  
s e t u p ,  or ma i n t a in  the  
o p e r a t i o n  o f  a 
c o n ta m i n a t io n  con t r o l
p o i n t  area? 33% 67% Tr a i n
14. Do you sup er v i se  or 
per form the e n t r y  i n t o  
a r a d i a t i o n  area where 
dos imet ry  equipment  and 
p r o t e c t i v e  c l o t h i n g  are
worn? 16% 84% T r a i n
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15.  Do you sup er v ise  the  
i n s t a l l a t i o n  o f  or 
e v a l u a t e  the e f f e c t i v e n e s s
o f  temporary  s h i e l d i n g ?  78% 22%
16.  Do you supervi  s e , 
s ur ve y ,  s e l e c t  
a p p r o p r i a t e  c o n t a i n e r s  
f o r  or package ( i n c l u d i n g  
l a b e l l i n g  and p l a c a r d i n g )  
dry  r a d i o a c t i v e  waste
m a t e r i a l  f o r  shipment? 62% 38%
17.  Do you sup er v i se  or  
per form the r o u t i n e  
maintenance or any 
equipment? (such as 
change f i l t e r s ,  c l ea n i n g
s o l u t i o n s  or  adding o i l )  60% 40%
18.  Do you s u p e r v i s e ,  
o b t a i n  or package f o r  
l a b o r a t o r y  a n a l y s i s  any 
env i r onmenta l  samples?
(such as w a t e r , a i r  or
s o i l  samples)  17% 83%
19.  In your  j o b ,  do you 
r e f e r  to the  DOT 
r e g u l a t i o n s ,  DOE Orders ,
R a d i o l o g i c a l  Heal th  
Handbook Hea l t h  Physics  
T ex tbooks ,  or  Char t  o f
t he  Nuc l i des?  22% 78%
No Tr a i n
No T r a i n
No T r a i n
T r a i n
T r a i n
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Phase 2 - Design the T r a i n i n g  Process
Tasks t h a t  were i d e n t i f i e d  f o r  t r a i n i n g  from the  
q u e s t i o n n a i r e  r e s u l t s  were used to  prepare  t h e  gener ic  
knowledge and s k i l l s  and i n s t r u c t i o n a l  o b j e c t i v e s  t h a t  
the RPTs must know b e f o re  going on to  the On- the-Job  
p o r t i o n  o f  t h e i r  t r a i n i n g .  The best  t ea ch i ng  approach 
f o r  t he  chosen o b j e c t i v e s  was s e l e c t e d  a t  t h i s  t ime .
Phase 3 -  Develop Curr i cu l um and Support  M a t e r i a l s
The c ur r i c u l u m  developed from the  data  r e s u l t s  
pr ov i ded  f o r  a broad based l e a r n i n g  approach.  The Phase 
1 p o r t i o n  of  the program ( t he  g en e r i c  p o r t i o n )  i s  taught  
a l l  in t he  classroom wi t h  on l y  work s i m u l a t i o n  e xe r c i ses  
used.
The f o l l o w i n g  m a t e r i a l / s u b j e c t  m a t t e r  was 
i n c l u d e d  in Phase 1 p o r t i o n  o f  the  t r a i n i n g  program:
1.  Course O r i e n t a t i o n
2.  Nevada Test  S i t e  O r i e n t a t i o n
3.  S a f e t y  O r i e n t a t i o n  and F i r s t  Aid
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4.  Sc ience and Math rev i ew (Note :  A l l  the
s t udents  have taken an e n t r y  s k i l l s  p r e t e s t  
p r i o r  to being h i r e d ,  t h e r e f o r e ,  t hey  are a l l  
supposed to  have the  same b a s e l i n e  math 
knowledge wi th which to b u i l d  the s p e c i f i c  math 
s k i l l s  needed as a RPT. )
5.  Basic Concepts o f  Nuclear  Physics
6.  Basic Concepts of  R a d i o a c t i v i t y
7.  Nuc l ea r  React ions
8 .  B i o l o g i c a l  E f f e c t s  of  I o n i z i n g  R ad i a t ion
9.  R a d i a t i o n / R a d i a t i o n  P r o t e c t i o n  Q u a n t i t i e s  &
U n i t s
10.  Exposure Guides ( O p e r a t i o n a l  and Emergency)
11.  Fundamentals of  R a d ia t i o n  p r i n c i p l e s / p r a c t i c e s
12.  Sources of  R a d i a t i o n  ( N a t u r a l  & A r t i f i c i a l )
13.  P o r t a b l e  I ns t ruments  (Theory o f  Operat ion and
Oper a t ing  c h a r a c t e r i s t i c s )
14.  Personnel  survey ing  techniques
15.  Personnel  Dosimet ry  (permanent  and immediate  
readout  t ypes )
16.  S u i t i n g  up and removal procedures f o r  
A n t i - C o n t a m i n a t i o n  c l o t h i n g
17.  Contami na t ion  Control  Line Procedures  
(Work S i mu l a t ion  E x e r c i s e )
18.  Su r f ace  con tami na t io n  and removal procedures  
(Work S i mu l a t io n  E x e r c i s e )
19.  Per forming  a swipe survey and count ing the  
swipes (Work S i mu l a t ion  E x er c i s e )
20.  O ns i te  and O f f s i t e  Release l i m i t s  f o r  m a t e r i a l  
t h a t  was contaminated wi th r a d i o a c t i v e  m a t e r i a l
21.  Underground s a f e t y  requ i rements
22 .  I n d u s t r i a l  Hygiene as i t  r e l a t e s ,  g e n e r i c a l l y ,  
t o  a l l  the RPTs
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23.  S t a r t - u p  and o p e ra t i o n  o f  s c a l e r  (Work 
S i m ul a t i o n  Ex er c i se )
24.  De termi ning  Sc a le r  E f f e c i e n c y ,  Sc a le r  Co rr ec t i on  
Fac tor  and Chi Square S t a t i s t i c s  f o r  Sca ler  use 
(Work S i m u l a t i o n  E x er c i s e )
The f o l l o w i n g  m a t e r i a l / s u b j e c t  ma t te r  was included  
i n  the  Phase 2 p o r t i o n  (On-The-Job)  of  the  t r a i n i n g  
program :
1. Use of  a S c a l e r  ( S t a r t u p  and Oper at ion )
2.  De termi ning  Sc a l e r  e f f i c i e n c y  and c o r r e c t i o n  
f a c t o r
3 .  Chi Square S t a t i s t i c s  f o r  s c a l e r  use
4.  Personnel  Survey Techniques
5.  Personnel  Decontaminat ion  Techniques
6.  Equipment swipe survey Techniques
7.  S e l e c t i o n  o f  proper  R a d i a t i o n  Survey Inst rument
f o r  the  g i ven  s i t u a t i o n
8.  O b ta in i ng  and I n t e r p r e t i n g  a Grab A i r  Sample 
using a " Hur r i cane "  High Volume A i r  Sampler(As  
p a r t  o f  a q u a l i f i c a t i o n  standard f o r  a 
s p e c i f i c  work l o c a t i o n )
9.  Opera t ion  o f  the MSA E x p l os i met e r  t h a t  is  
designed t o  measure the percent  o f  the lower  
e x p l o s i v e  m i x t u r e  of  hydrogen in a i r .  (As par t  
o f  a q u a l i f i c a t i o n  standard  f or  a s p e c i f i c  work 
1oca t i  o n )
10.  Oper at ion  of  the Draeger  M u l t i - g a s  De tec tor
which has a manual a i r  pump wi th  bel lows and an 
opening in the i n l e t  s ide  o f  t he  pump f o r  
i n s e r t i o n  o f  the p a r t i c u l a r  chemical  i n d i c a t o r  
tube used to d e t e c t  a p a r t i c u l a r  gas.  (As 
p a r t  o f  a q u a l i f i c a t i o n  standard f o r  a s p e c i f i c  
work l o c a t i o n )
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11. Oper at ion  of  the "GPK" combust ib le  gas and 
oxygen i n d i c a t i n g  i ns t ru me nt  (As p a r t  o f  a 
q u a l i f i c a t i o n  standard f o r  a s p e c i f i c  work 
l o c a t i o n )
12. "Core" Sample recovery  procedure  f o r  e i t h e r  
Los Alamos Nat ional  Lab or ato ry  or Lawrence 
Livermore  Na t i ona l  La bor a to ry  suppor t  (As 
a p p r o p r i a t e ,  as p a r t  o f  a q u a l i f i c a t i o n  standard  
f o r  a s p e c i f i c  work l o c a t i o n )
13.  "Core" Sample Shipment Procedures f o r  e i t h e r  
Los Alamos Nat iona l  Lab or a t ory  or Lawrence 
Livermore Nat ional  Lab or ato ry  suppor t  (As 
a p p r o p r i a t e ,  as pa r t  o f  a q u a l i f i c a t i o n  standard  
f o r  a s p e c i f i c  work l o c a t i o n )
14. Lawrence Livermore Na t iona l  L ab o ra to r y  V e n t l i n e  
C a l c u l a t i o n s  (As a p p r o p r i a t e ,  as p a r t  of  a 
q u a l i f i c a t i o n  standard f o r  a s p e c i f i c  work 
l o c a t i o n )
15.  Use o f  Two Way Radio ( i . e . ,  r ad i o  e t i q u e t t e  and 
10 code meanings)
16.  How to w r i t e  a " R a d i o l o g i c a l  Occurrence Report"
17.  F i e l d  checking r e s p i r a t o r  f i t
18.  Decontaminat ion F a c i l i t y  Water Systems 
Oper at ion  (As p a r t  o f  a q u a l i f i c a t i o n  standard  
f o r  a s p e c i f i c  work l o c a t i o n )
19.  Decontaminat ion F a c i l i t y  "Dip Tanks" Operat ion  
(As p a r t  o f  a q u a l i f i c a t i o n  s tandard f o r  a 
s p e c i f i c  work l o c a t i o n )
20.  Decontaminat ion F a c i l i t y  " D y n a - D r i l l "  Flush  
system o p e r a t i o n  (As p a r t  o f  a q u a l i f i c a t i o n  
standard f o r  a s p e c i f i c  work l o c a t i o n )
21.  Decontaminat ion F a c i l i t y  Heated T u r b u l a t o r  
Oper at ion  used in dec ont amina t i ng  smal l  d r i l l  
t o o l s  (As p ar t  o f  a q u a l i f i c a t i o n  standard  f o r  a 
s p e c i f i c  work l o c a t i o n )
22.  Decontaminat ion F a c i l i t y  S a f e t y  (As p a r t  o f  a 
q u a l i f i c a t i o n  standard f o r  a s p e c i f i c  work
1o c a t i  o n )
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23.  Rece i v ing  Procedure f o r  Contaminated Equipment  
a t  the  Decontaminat ion  F a c i l i t y  (As pa r t  o f  a 
q u a l i f i c a t i o n  standard f o r  a s p e c i f i c  work 
l o c a t i o n )
24.  Decont amina t i on  F a c i l i t y  Decontaminat ion  
Procedure (As par t  o f  a q u a l i f i c a t i o n  standard  
f o r  a s p e c i f i c  work l o c a t i o n )
25.  Decontaminat i on  F a c i l i t y  Fork L i f t  Operat ion  
(As p a r t  o f  a q u a l i f i c a t i o n  standard f o r  a 
s p e c i f i c  work l o c a t i o n )
26.  Decontaminat i on  Laundry Washing Machine and 
Dryer  Oper at ion  (As p a r t  of  a q u a l i f i c a t i o n  
s t andard  f o r  a s p e c i f i c  work l o c a t i o n )
27.  Decontaminat i on  Laundry R ad i a t ion  Survey Machine 
O p er a t io n  (As p a r t  o f  a q u a l i f i c a t i o n  standard  
f o r  a s p e c i f i c  work l o c a t i o n
Phase 4 -  Implement the T r a i n i n g
The t r a i n i n g  schedule  i s  pub l i shed once the  
i n s t r u c t i o n a l  s t a f f  i s  n o t i f i e d  t h a t  a new c lass  w i l l  
be s t a r t i n g .
In the  s t r i c t e s t  sense,  a per formance-based t r a i n i n g  
program has no s t a r t i n g  or ending d a t e s ,  t h a t  i s ,  i t  is  
at  t he  pace o f  the s t u d e n t .  This can be done in 
p r o p r i e t a r y  schools t h a t  c a t e r  to the s t u d e n t ,  however,  
in  an i n d u s t r i a l  s e t t i n g  t h i s  i s  not  p r a c t i c a l .  The 
i n s t r u c t i o n a l  s t a f f  i s  r e qu i r ed  to  teach many d i f f e r e n t  
types o f  c o u rs e s ,  each r e q u i r i n g  a "Phase 1" t heor y  
p o r t i o n  which makes use of  the few classrooms a v a i l a b l e .  
In a d d i t i o n ,  t he  o n - t h e - j o b  p o r t i o n  o f  the t r a i n i n g  is  
c a r r i e d  out  by f i r s t - l i n e  f i e l d  sup er v is o rs  who do not
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have the t ime to t r a i n  e x c e s s i v e l y  or r e p e a t e d l y .  There ­
f o r e ,  the  newly h i r ed  RPTs are r e q u i r e d  to  complete the  
o b j e c t i v e s  of  the  program in the a l o t t e d  t ime so the  
F i e l d  Opera t ions  Sect ion  can p l ace  them in t h e i r  s p e c i f i c  
work l o c a t i o n s .
Whi le  in the  s p e c i f i c  work l o c a t i o n s  the  newly h i red  
RPT i s  g iven a q u a l i f i c a t i o n  s tandard  which must be 
completed in a r easonabl e  per i od  o f  t ime  ( i . e . ,  before  
t h e i r  p r o b a t i o n a r y  per iod ends ) .
Phase 5 -  E v a l u a t e  t he  T r a i n i n g
In o r d e r  t o  e s t a b l i s h  and m a i n t a i n  an e f f e c t i v e  
t r a i n i n g  program,  a p e r i o d i c  e v a l u a t i o n  of  the program i s  
nec essa ry .
In t he  e v a l u a t i o n  process t he  f o l l o w i n g  should be 
moni tored :
1. T r a i n i n g  d e l i v e r y  ( i n s t r u c t i o n a l  s k i l l s ,  
t e c h n i c a l  s k i l l s  and s u b j e c t  m a t t e r  knowledge 
and d e l i v e r y  t e c h n i q u e s ) .
2.  Feedback from t r a i n e e s  (Formal  survey  
q u e s t i o n n a i r e ,  t r a i n e e s  per formance dur ing  
t r a i n i n g ,  and e xa mi na t i on  r e s u l t s )
3.  T r a i n e e ' s  e n t r y  l e v e l  s k i l l s  upon complet ion of  
the  t r a i n i n g  program.
4.  Changes in p r oce dur es ,  equ ipment ,  r e g u l a t i o n s  
an d /o r  s tandards should be moni tored and 
e v a l u a t e d  f o r  t h e i r  a p p l i c a b i l i t y  to  the  
development  of  m o d i f i c a t i o n  o f  t r a i n i n g  
programs.
5.  Cont r ac ted  t r a i n i n g  programs should undergo the  
same e v a l u a t i o n  procedure  as inhouse t r a i n i n g  
programs t o  ensure t hey  are  meet ing job  
performance r e q u i r e m e n t s .
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6. T r a i n i n g  programs e v a l u a t i o n s  should i nc lude  
the  d e t e r m i n a t i o n  t h a t  t r a i n i n g  records are  
being kept  in accordance wi th  DOE and REECo 
requi  r ement s .
Chapter  Summary
This  c ha pt e r  showed the r e s u l t s  o f  the data  to be 
the  f o l l o w i n g :  Of the  55 q ue s t i o n n a i r e s  d i s t r i b u t e d ,  42
were f i l l e d  out p r o p e r l y  and re turned f o r  a t o t a l  
response o f  76%. Of the 19 q u e s t i o n n a i r e  quest ions ,  6 
quest ions  r e s u l t e d  in a "No Tra i n"  d e c i s i o n .  These 6 
s ub j e c t  areas w i l l  be excluded in the Phase 1 por t i on  
( g e n e r i c / c l a s s r o o m )  of  the  developed cur r i cu l um model but  
i nc l uded in the  a p p r o p r i a t e  work l o c a t i o n  Q u a l i f i c a t i o n  
St andar d .  A model cu r r i c u l u m of a gener ic  NTS Radia t i on  
P r o t e c t i o n  Tec hn i c ian  t r a i n i n g  program was developed  
using The Guide to  Good P r a c t i c e  in R a d i a t i o n  P r o t ec t i on  
T r a i n i n g  manua l ' s  s t e p - b y - s t e p  approach.
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C h a p t e r  5
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
The conc lus ions  and recommendations presented in 
Chapter  5 were recognized to be s u b je c t  to con t i nua l  
a d a p t a t i o n ,  change and e v o l u t i o n .  I t  was imposs i b le  to  
p r e d i c t  what forms the  REECo R a d i a t i o n  Pr o t ec t i on  
Techn i c ian  job would take in the f u t u r e .  Federal  
r e g u l a t i o n s ,  p u b l i c  a t t i t u d e s ,  DOE orders  and any changes 
in  the weapons t e s t i n g  program would a l l  impact  the  
Rad i a t ion  P r o t e c t i o n  Techni c ian  job and hence the  
c u r r i c u l u m .
Summary of  t he  F indings
Research o f  the l i t e r a t u r e  provided the f o l l o w i n g  
summary i n f o r m a t i o n :
1.  R a d i a t i o n  P r o t e c t i o n  Techn i c ian  T r a i n i n g  is  a 
r e l a t i v e l y  new f i e l d  in pos t -secondary  e duca t ion .
2.  Post - secondary  educat ion in R a d ia t i o n  P r o t e c t i o n  
Technology i s  ma i n ly  performed by t h e  employers of  RPTs.
53
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3. Much o f  the  R a d i a t i o n  P r o t e c t i o n  Techni c ian  job  
f u n c t i o n s  do not r e q u i r e  exc ess i ve  phys ica l  s t r e n g t h .
That  i s ,  RPTs are  not r e q u i r e d  to l i f t  more than 40 
pounds,  r o u t i n e l y ,  w i t h o u t  a s s i s t a n c e .
4.  R a d i a t i o n  P r o t e c t i o n  Tec hn i c ian  t r a i n i n g  
f o l l o we d  o t her  a l l i e d  f i e l d s  in i t s  v o c a t i o n a l / t e c h n i c a l  
emphasis .
5. Much o f  the R a d i a t i o n  P r o t e c t i o n  Techni c ian  job  
f u n c t i o n s  do r e q u i r e  c o n s i d e r a b l e  mental  a b i l i t y  in order  
t o  understand c o n d i t i o n s  and a s s i m i l a t e  i n f o r m a t i o n  p r i o r  
to  making r o u t i n e  and emergency c o n d i t i o n  d e c i s i o n s .
Conclusions
Conclus ions concern i ng  the R a d i a t i o n  P r o t e c t i o n  
T ec hn i c i an  Curr i cu l um r e s u l t e d  f rom:  a rev i ew of  the
l i t e r a t u r e ,  the  outcomes from the d a t a ,  and an a na l y s i s  
of  the f i n a l  R a d i a t i o n  P r o t e c t i o n  Te c hn i c i a n  T r a i n i n g  
Curr icu l um Model .
The f o l l o w i n g  c o n c lu s io n s  were made:
1. The REECo RPT t r a i n i n g  c u r r i c u l u m  should and 
does have a s t rong v o c a t i o n a l / t e c h n i c a l  f o un d a t i o n .
2. Knowledge o f  the  fundamentals  o f  r a d i a t i o n  and 
r a d i a t i o n  p r o t e c t i o n  was a bas ic  requ i rement  f o r  the RPT 
c u r r i c u l u m  wi th REECo o p e r a t i n g  procedures being very  
i mp o r t a n t  dur ing  the o p e r a t i o n a l  ( O n - t h e - J o b )  phase of  
t r a i n i n g .
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3. Knowledge o f  tunnel  i n d u s t r i a l  hygiene and 
t unnel  s a f e t y  are requ i rement s  p r i o r  to any permanent  
tunnel  job ass ignment .
4.  Manager ia l  t o o l s  such as s u p e r v i s i o n  of  workers  
in a r a d i a t i o n  a r e a ,  a d m i n i s t r a t i o n  o f  Company 
pr ocedur es ,  p o l i c i e s ,  r e g u l a t i o n s ,  DOE orders  and p ub l i c  
r e l a t i o n s  as i t  r e l a t e s  to weapons t e s t i n g  are a d d i t i o n a l  
requ i rement s  o f  t he  j o b .
5.  A m a j o r i t y  o f  the c u r r i c u l u m  must be actual  work 
exp er ien ce  and /or  work s i m u l a t i o n .  This w i l l  provide the  
s t udent  the o p p o r t u n i t y  to per form the procedures and 
p r a c t i c e s  of  r a d i a t i o n  p r o t e c t i o n  under su p er v is i on  p r i o r  
to any j ob  assignment  a l one .
Recommendations f o r  R a d i a t ion  P r o t e c t i o n  Techni c ian
T r a i n i n g  C u r r i c u l a
R a d i a t i o n  P r o t e c t i o n  Tec hn i c ian  t r a i n i n g  should 
c ont i nue  t o  be separ at ed  i n t o  severa l  types of  programs 
i n c l u d i n g :
1. Basic R a d i a t i o n  P r o t e c t i o n  T ec hn i c i an  T r a i n i n g
Phase 1 -  Gener ic /C lassr oom Po r t ion
2. Basic R a d i a t i o n  P r o t e c t i o n  T ec h n i c ia n  T r a i n i n g
Phase 2 -  On-The-Job T r a i n i n g  Por t ion
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3. Basic R a d i a t i o n  P r o t e c t i o n  Tec hn i c i an  T r a i n i n g
Phase 3 -  Ent ry  Level  O p er a t ion a l  
P r o c e d u r e s / S k i l l s  Po r t i on  ( Q u a l i f i c a t i o n  
Standard S i g n - O f f  p o r t i o n )
4.  R e c e r t i f i c a t i o n  - every 2 years
5.  M is c e l l a ne o us  c e r t i f i c a t e s  awarded f o r  seminars ,
job  c o n f e r e n c e s ,  l i m i t e d  t r a i n i n g  as new job
f u n c t i o n s  app ear ,  s u p e r v i s o r y  t r a i n i n g  e t c .
The recommendat ions r e l e v a n t  to  REECo, as based upon 
t he  model developed in Chapter  4,  were as f o l l o w s :
1. Base the  c u r r i c u l u m  on v o c a t i o n a l / t e c h n i c a l  
s k i l l s  r e l e v a n t  to t he  NTS RPT p o s i t i o n .
2.  I n s t i t u t e  a documented,  per formance based,  
On- the-Job p o r t i o n  o f  the R ad i a t ion  P r o t e c t i o n  Technic ian  
t r a i n i n g  program.  ( T h i s  i s  being done c o n c u r r e n t l y  wi th  
the  w r i t i n g  o f  the  r e s u l t s  o f  t h i s  s tudy .
3. I n s t i t u t e  an "accountab l e"  ( i . e . ,  w i t h  e i t h e r
t h e o r y  and / or  per formance exa mi na t io ns )  c o n t i n u i ng  
edu ca t ion  t r a i n i n g  program f o r  the exp er ien ced  RPTs.
4.  I n s t i t u t e  a f o r m a l i z e d  Na t i ona l  R e g i s t r y  of  
R a d i a t i o n  P r o t e c t i o n  Tec hn i c i an  exam p r e p a r a t i o n  l i b r a r y  
f o r  Techn i c ians  a s p i r i n g  to study f o r  Na t iona l  R e g i s t r y  
c e r t i  f i c a t i o n .
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Recommendations f o r  F ur t h e r  Study
The f o l l o w i n g  are recommendations f o r  f u r t h e r  study  
and development :
1. Q u a l i f i c a t i o n  Standards could be developed for  
each work l o c a t i o n  the RPTs may be assigned to upon 
compl e t ion  o f  the Phase I and Phase I I  p o r t i o n s  of  the 
t r a i n i n g  program o u t l i n e d  in t h i s  s tudy.  At t h i s  work 
l o c a t i o n  they  would be t r a i n e d  by l oc a l  sup er v i sor s  in 
t he  r e q u i r e d  knowledge,  s k i l l s  and a b i l i t i e s  necessary to 
per form t h e  tasks s p e c i f i c  to the work l o c a t i o n .  The RPT 
would be given a " Q u a l i f i c a t i o n  Card" w i t h  these tasks  
l i s t e d .  When the RPT performed the  task according to 
some prede termi ned  acceptance c r i t e r i a  the super v isor  
would sign the Q u a l i f i c a t i o n  Card t h e r e b y  c e r t i f y i n g  the  
RPT as ab l e  to per form t he  task s a t i s f a c t o r i l y .  The 
" s a t i s f a c t o r y  per formance" c r i t e r i a  would be o u t l i n e d  in 
the  Q u a l i f i c a t i o n  Standards Manual developed from t h i s  
s t udy .
2. An e v a l u a t i o n  i ns t ru me nt  needs to be developed  
to f a c i l i t a t e  the e v a l u a t i o n  o f  a l l  of  the t r a i n i n g  
program components.
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APPENDIX A
1. Ho you suDervise the operation of or 
operate a Counter/Scaler or any other type 
of sample counting equipment?
2. Do you supervise, handle, leak te s t, 
monitor, tra n s fe r, inventory, or dispose 
of radioactive sources in your job?
3. Do you suoervise, monitor, perform, or 
record e fflu en t release information?
4. Do you supervise the operation of or 
operate- neutron REM Counters (PNR-4),
Alpha surveymeters. Ion Chambers, 
Geiger-Mueller detectors. Tritium  
detectors or te letectors?
5. Do you supervise the performance of or 
perform decontamination of m aterials, 
equipment, personnel , or clothing?
6. Do you supervise the performance of or 
perform radiation contamination surveys 
of m ateria ls , equipment, personnel or 
clothing?
7. Do you supervise, read, zero, issue and/ 
or record the issue of pocket dosimeters 
or extremity dosimetry (such as ring 
badges)?
8. Do you supervise or perform the collection
of urine, nasal, or throat smear samples?
9. Do you supervise the performance of or
perform pre and/or post event, area 
radiation surveys?
in . Do you s e le c t'o r supervise the selection
of appropriate respiratory protection
equipment based on a ir  sample or other 
results?
11. Do you supervise, obtain, count, document
or review the results of a smear survey
fo r loose contamination?
12. Do you suoervise, per'orm or in terpret
the results of an Industrial Hygiene 
Survey fa ir  oua lity  nr temperature)
to determine tne h a n ita h ility  of an 
area?
13. Do you supervise, setup, or maintain 
the operation of a control point area?
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Do you supervise the ins ta lla tion  of 
or evaluate the effectiveness of 
temoorary shielding?
Do you suoervise, survey, select 
aooropriate containers for or package 
(including lab e llin g  and placarding) 
dry radioactive waste material for 
shipment?
Do you supervise or perform the routine 
maintenance of any equipment? (such 
as change f i l t e r s ,  cleaning solutions.or 
adding o i l )
Do you supervise, obtain or package for  
laboratory analysis any environmental 
samples (such as water, a ir ,  or soil 
samples)?
In your jo b , do you refer to the DOT 
regulations, DOE Orders, Radiological 
Health Handbook, Health Physics Textbooks, 
or Chart of the Nuclides?
Please indicate any soecial knowledge, not covered in any of the above 
questions, that you feel you need to perform your job?
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DIRECTIONS
Ind icate  how often  you perform the questioned function , when estim ating the 
frequency of performance, th ink back over your a c t iv it ie s  and ind icate  how 
often you personally  have performed the questioned task(s) by c irc lin g  the 
appropriate frequency code from the scale below:
Never = 0 = Not part of the job
Rarely = 1 = Must be able to perform but a c tu a lly  
performed once a year or less often
Seldom = 2 = About 3 or 4 tim es/year
Occasionally = 3 = About once a month
Often = 4 = About once a week
Very Often = 5 = D aily
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APPENDIX B
REYNOLDS ELECTRICAL & ENGINEERING CO., INC.
Position T i t le : Monitor I
Job Code: 011547
Date Prepared: July 29, 1985
Summary Statement: The incumbent performs fundamental assignments re la ting  to
the protection of NTS workers from unwarranted radiation exposure, aides in 
the evaluation of radiation hazards, and helps in the development/implementa­
tion  of methods and procedures necessary to ensure radiological safety within 
area of control.
Dimensions: The incumbent has remote impact on the department's operating
buoget, reports to the Radiological F ield  Operations Supervisor or higher 
level supervision, and receives guidance from lead persons or higher level 
monitors.
Nature and Scope: Under close supervision, the incumbent performs fundamental
assignments including the following: assists in the control o f entry and exit
requirements at radiation exclusion areas; issues protective clothing and 
equipment to  personnel and in s tru c ts  in  i ts  proper use; performs basic 
radioactive material control duties including maintenance of records; performs 
simple radioactive waste management duties including receipt and disposal of 
radioactive waste and associated minor recordkeeping; performs radiation  
surveys and collects samples as required; decontaminates equipment, operates 
mobile decontamination equipment, washing machines, extractors, and dryers 
used in the decontamination of protective clothing and equipment; performs 
physical checks and maintains records on the location and operating condition 
of equipment used by the Environmental Sciences Department (ESD), assists in 
the selection and co llection  of environmental samples fo r radiological 
evaluation, assists in the handling and use of radiation sources, performs 
ra d ia tio n  surveys on equipment and m ateria l p r io r  to i t s  d isp o sa l; and 
performs other duties as required to f u l f i l l  the obligations o f the ESD.
Principal Contacts: . D aily  contacts with c ra ft personnel and user representa­
tives are normally maintained.
Working Conditions: The incumbent works in f ie ld  and shop areas throughout
the NTS including tunnels and d r i l l  rigs under the d irection of lead persons, 
higher level monitors, and supervisors.
Desirable Training and Work Experience?
High Schoo l  Dip loma .
Dt.-.er Scecia; Dua: cations  ; None.
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APPENDIX C
DEFINITION OF RADIATION PROTECTION AND EDUCATION TERMS
absorbed dose When IONIZING RADIATION passes 
through MATTER, some of  i t s  
energy is impar ted to the m a t te r .  
The amount absorbed per u n i t  mass 
of  i r r a d i a t e d  m a t e r i a l  i s  c a l l e d  
t he  absorbed dose,  and is  
measured in REMs and RADs.
a i r  sampl ing The c o l l e c t i o n  and a n a l y s i s  of  
samples of  a i r  to measure i t s  
r a d i o a c t i v i t y  or t o  d e t ec t  the  
presence o f  r a d i o a c t i v e  
substances .
decontami  n a t i  on
d e t e c t o r
dose e q u i v a l e n t  (REM)
dose r a t e
dos imeter
The removal of  r a d i o a c t i v e  
contaminants from sur f aces  or  
equipment ,  as by c l ea n i n g  and 
washing wi t h  chemi ca l s .
M a t e r i a l  or  a dev ice  t h a t  i s  
s e n s i t i v e  to  r a d i a t i o n  and can 
produce a response s ignal  
s u i t a b l e  f o r  measurement or  
a n a l y s i s .  A r a d i a t i o n  d e t e c t i o n .
A term used to  express the amount 
of  e f f e c t i v e  r a d i a t i o n  when 
modi fy ing f a c t o r s  have been 
cons i de r ed .  The product  of  
absorbed dose m u l t i p l i e d  by a 
q u a l i t y  f a c t o r  m u l t i p l i e d  by a 
d i s t r i b u t i o n  f a c t o r .  I t  i s  
expressed n u m e r i c a l l y  in REMs.
The r a d i a t i o n  dose d e l i v e r e d  per  
u n i t  t ime and measured,  f o r  
i n s t a n c e ,  in REMs per hour .
A dev ice  t h a t  measures r a d i a t i o n  
dose,  such as a f i l m  badge or  
i o n i z a t i o n  chamber.
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Gei g e r - M u l 1 er  
Counter
A r a d i a t i o n  d e t e c t i o n  and 
measuring i n s t r u m e n t . I t  
cons is ts  of  a g a s - f i l l e d  
(Geiger -Mul  1 e r )  tube con ta i n i ng  
e l e c t r o d e s ,  between which t her e  
is an e l e c t r i c a l  vo l tage  but no 
c u r r en t  f l o w i n g .  When i o n i z i n g  
r a d i a t i o n  passes through the  
t u b e ,  a s h o r t ,  i n tense  pulse of  
c ur r e n t  passes from the negat ive  
e l e c t r o d e  to  the p o s i t i v e  
e l e c t r o d e  and i s  measured or  
counted.  The number of  pulses  
per second measures the i n t e n s i t y  
of  r a d i a t i o n .  I t  i s  also o f ten  
known as Geiger  counter ;  i t  was 
named fo r  Hans Geiger  and W. 
M u l l e r  who invented i t  in the  
1920s.
Heal th Physics The science concerned wi th  
r e c o g n i t i o n ,  e v a l u a t i o n ,  and 
con t r o l  of  h e a l t h  hazards from 
i o n i z i n g  r a d i a t i o n s .
Job Ana lys is A method used to  obt a i n  a 
complete l i s t  o f  the du t i es  and 
tasks of a s p e c i f i c  j o b .  Job 
ana l ys i s  is  the f i r s t  step in 
o bt a i n i n g  the  data r equ i red  f o r  
task  a n a l y s i s .
Learning O b j e c t i v e
Maximum Pe r mi s s i b le  
Co ncent r a t ion  (MPC)
A wel l  d e f i n e d ,  concise statement  
de scr ib i ng  a s p e c i f i c  beh av i or .
Learning o b j e c t i v e s  us ua l l y  
conta in  the f o l l o w i n g :  1)
A c t i o n ,  2)  C o n d i t i o n ,  and 3)
St and ar d .
The amount o f  r a d i o a c t i v e  m at e r i a l  i n  
a i r ,  w a t e r ,  or  food which might be 
expected to r e s u l t  in the maximum 
p er m i s s i b l e  dose to persons consuming 
them at  a standard r a t e  of  i n t a k e .  An 
obsolescent  t erm.
micro A p r e f i x  t h a t  d i v i d e s  a basic u n i t  by 
one m i l l i o n .
m i l l i A p r e f i x  t h a t  d i v i d e s  a basic u n i t  by 
one thousand.
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Needs A n a l y s i s
neut ron
On- t he - Job  T r a i n i n g
Performance-Based
T r a i n i n g
A procedure used t o  i d e n t i f y  and 
document t he  t r a i n i n g  needs o f  a 
f a c i 1 i t y .
(Symbol n) An uncharged e l em en t ar y  
p a r t i c l e  w i t h  a mass s l i g h t l y  g r e a t e r  
than t h a t  o f  the  p r o t o n ,  and found i n  
the  nucleus o f  e ve r y  atom h e a v i e r  than  
hydrogen.  A f r e e  neutron i s  u n s t a b l e  
and decays w i t h  a h a l f - l i f e  o f  about  13 
minutes i n t o  an e l e c t r o n ,  p r o t o n ,  and 
n e u t r i n o .  Neutrons s u s ta i n  the  f i s s i o n  
cha in r e a c t i o n  in a nuc lea r  r e a c t o r .
T r a i n i n g  sess ions composed o f  knowledge  
i t e m s ,  per formance i t e m s ,  and 
o b s e r v a t i o n  i tems done at  
t he  job s i t e .
A f o r m a l ,  s ys t e m a t i c  approach t o  t he  
development  o f  t r a i n i n g  programs.  This  
approach i s  based on the ac t ua l  t a s k s  
being per formed to ensure t h a t  a l l  o f  
t he  s k i l l s  and knowledge r e q u i r e d  t o  
perform a p a r t i c u l a r  job are  i d e n t i f i e d  




A p r e f i x  t h a t  d i v i d e s  a bas ic  u n i t  by 
one t r i l l i o n .  Same as m i c ro m i c r o .
H e a v i l y  s h i e l d e d  c o n t a i n e r  ( u s u a l l y  
l e a d )  used to ship or  s t o r e  r a d i o a c t i v e  
mat er i  a l s .
p r o t e c t i o n P r o v is i o n s  t o  reduce exposure o f  
persons t o  r a d i a t i o n .  For example ,  
p r o t e c t i v e  b a r r i e r s  to  reduce e x t e r n a l  
r a d i a t i o n  or  measures to pr event  
i n h a l a t i o n  o f  r a d i o a c t i v e  m a t e r i a l s .
p r o t e c t i v e  c l o t h i n g
p r o t e c t i v e  survey
Sp ec i a l  c l o t h i n g  worn by a r a d i a t i o n  
worker  to p r eve nt  c on tam ina t io n  o f  h is  
body or  h i s  personal  c l o t h i n g .
An e v a l u a t i o n  o f  the  r a d i a t i o n  hazards  
i n c i d e n t a l  t o  the  p r o d u c t i o n ,  use ,  or  
e x i s t e n c e  o f  r a d i o a c t i v e  m a t e r i a l s  o r  
o t h e r  sources o f  r a d i a t i o n  under a 
s p e c i f i c  se t  o f  c o n d i t i o n s .
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A documented record o f  the knowledge 
and s k i l l  o b j e c t i v e s  r e q u i r e d  f o r  
q u a l i f i c a t i o n .
(Acronym f o r  R a d i a t i o n  Absorbed Dose. )  
The bas ic  u n i t  of  absorbed dose of  
i o n i z i n g  r a d i a t i o n .  A dose of  one RAD 
means the absor pt i on  o f  100 ergs of  
r a d i a t i o n  energy per gram o f  absorbing  
mater i  a l .
The emission and propa ga t ion  of  energy  
through mat te r  or space by means of  
e l e c t r o m a g n e t i c  d i s t u rb an ce s  which 
d i s p l a y  both w a v e - l i k e  and 
p a r t i c l e - l i k e  b e h a v i o r ;  in t h i s  con te x t  
the  " p a r t i c l e s "  are known as photons.  
Al so ,  the  energy so pr opagat ed .  The 
term has been extended to i n c l u d e  
streams of  f a s t -m o v i n g  p a r t i c l e s  ( a l pha  
and beta  p a r t i c l e s ,  f r e e  n eu t r ons ,  
cosmic r a d i a t i o n ,  e t c . ) .  Nuclear  
r a d i a t i o n  is  t h a t  e mi t t e d  from atomic  
nuc le i  in va r ious  n uc l e a r  r e a c t i o n s ,  
i n c l u d i n g  a l p h a ,  beta and gamma 
r a d i a t i o n  and neu t r ons .
r a d i a t i o n  area
r a d i a t i o n  
d e t e c t i o n  
i nst  ruments
Any a c c e s s i b l e  area in which the  l e v e l  
of  r a d i a t i o n  i s  such t h a t  a major  
p o r t i o n  of  an i n d i v i d u a l ' s  body could  
r e c e i v e  in any one hour a dose in 
excess o f  5 m i l l i R E M ,  or  in any 5 
consecut ive  days a dose in excess of  
150 m i l l i R E M .
Devices t h a t  d e t e c t  and record the  
c h a r a c t e r i s t i c s  of  
i o n i z i n g  r a d i a t i o n .
r a d i a t i o n  dos imet ry The measurement of  t h e  amount of  
r a d i a t i o n  d e l i v e r e d  t o  s p e c i f i c  p lace  
or the amount of  r a d i a t i o n  t h a t  was 
absorbed t h e r e .
r a d i a t i o n  
m o n i t o r i  ng
Cont inuous or p e r i o d i c  d e t e r m i n a t i o n  of  
the  amount of  r a d i a t i o n  present  in a 
given a r e a .
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L e g i s l a t i o n  and r e g u l a t i o n s  to  p r o t e c t  
the  p u b l i c  and l a b o r a t o r y  or i n d u s t r i a l  
workers a g a i n s t  r a d i a t i o n .  Also  
measures to  reduce exposure to  
radi a t i on.
U s ua l l y  a man-made,sealed source of  
r a d i o a c t i v i t y  used in t e l e t h e r a p y ,  
r a d i o g r a p h y ,  as a power source f o r  
b a t t e r i e s ,  or  in var ious  types of  
i n d u s t r i a l  gauges.  Machines such as 
a c c e l e r a t o r s ,  and r a d i o i s o t o p i c  
gen er a t or s  and na t u r a l  r a d i o n u c l i d e s  
may a lso  be considered as sources.
Exposure s t a n d a r d s ,  p e r m i s s i b l e  
c o n c e n t r a t i o n s ,  r u l e s  f o r  safe  
h a n d l i n g ,  r e g u l a t i o n s  f o r  
t r a n s p o r t a t i o n ,  r e g u l a t i o n s  f o r  
i n d u s t r i a l  c o n t r o l  o f  r a d i a t i o n ,  and 
c ont r o l  of  r a d i a t i o n  exposure by 
l e g i s l a t i v e  means.
radi  o a c t i  ve 
contami n a t i o n
radi  o ac t i  v i t y
D e p o s i t i o n  o f  r a d i o a c t i v e  m a t e r i a l  in 
any p lace  where i t  may harm persons,  
spo i l  e x p e r i m e n t s ,  or  make products or  
equipment u n s u i t a b l e  or unsafe f o r  some 
s p e c i f i c  use.  The presence of  unwanted 
r a d i o a c t i v e  m a t t e r .  Also r a d i o a c t i v e  
m a t e r i a l  found on t he  w a l l s  of  vessels  
in u s e d - f u e l  processing p l a n t s ,  or  
r a d i o a c t i v e  m a t e r i a l  t h a t  has leaked  
i n t o  a r e a c t o r  c o o l a n t .  Often r e f e r r e d  
to on l y  as c o n t a m i n a t i o n .
The spontaneous decay or  d i s i n t e g r a t i o n  
of an uns t ab le  atomic nuc leu s ,  u s u a l l y  
accompanied by the  emission of  i o n i z i n g  
r a d i a t i o n .
radi  o i so t ope A r a d i o a c t i v e  i s o t o p e .  An u n s ta b l e  
i so t op e  of  an element  t h a t  decays or 
d i s i n t e g r a t e s  spont aneous ly ,  e m i t t i n g  
r a d i a t i o n .  More than 1300 n a t u r a l  and 
a r t i f i c i a l  r a d i o i s o t o p e s  have been 
i dent  i f i e d .
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r oentgen ( A b b r e v i a t i o n  r )  A u n i t  o f  exposure to  
i o n i z i n g  r a d i a t i o n .  I t  i s  t h a t  amount 
of  gamma or  X - rays  r e q u i r e d  to  produce 
ions c a r r y i n g  1 e l e c t r o s t a t i c  uni t  o f  
e l e c t r i c a l  charge ( e i t h e r  p o s i t i v e  or  
n e g a t i v e )  in 1 cubic c e n t i m e t e r  o f  dry  
a i r  under s t andard  c o n d i t i o n s .  Named 
a f t e r  Wi lhelm Roentgen,  German 
s c i e n t i s t  who d i scover ed  X - rays  in 
1895.
s c i n t i 11a t i o n  
cou nt e r
An i ns t rument  t h a t  d e t e c t s  and measures 
i o n i z i n g  r a d i a t i o n  by count ing the  
l i g h t  f l a s h es  ( s c i n t i l l a t i o n s )  caused 
by r a d i a t i o n  i mpinging on c e r t a i n  
m a t e r i a l s .
s h i e l d
s u r f a c e  c o n t a m i n a t i o n
A mass o f  absorb ing m a t e r i a l  placed  
around a r e a c t o r  or r a d i o a c t i v e  source  
t o  reduce t h e  r a d i a t i o n  to a l e v e l  t h a t  
i s  safe  f o r  human be i ngs .
The d e p o s i t i o n  and a t tachment  of  
r a d i o a c t i v e  m a t e r i a l s  to a s u r f a c e .
was t e ,  r a d i o a c t i v e
whole body c o u nt e r
Equipment and m a t e r i a l s  ( f rom nuc lear  
o p e r a t i o n s )  which a r e  r a d i o a c t i v e  and 
f o r  which t h e r e  i s  no f u r t h e r  use.  
Wastes are  g e n e r a l l y  c l a s s i f i e d  as high 
l e v e l  (having r a d i o a c t i v i t y  
c o n c e n t r a t i o n s  of  hundreds to thousands 
of  Cur ies per  g a l l o n  or  cubic f o o t ) ,  
low l e v e l  ( i n  the range o f  1 microCur ie  
per g a l l o n  or  cub ic  f o o t ) ,  or  
i n t e r m e d i a t e  (between these  e x t r e m e s ) .
A dev ice  used to  i d e n t i f y  and measure 
t he  r a d i a t i o n  in the  body (body burden)  
of  human beings and an i ma l s ;  i t  uses 
heavy s h i e l d i n g  t o  keep out  background 
r a d i a t i o n  and u l t r a s e n s i t i v e  
s c i n t i l l a t i o n  d e t e c t o r s  and e l e c t r o n i c  
equ ipment .
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X-ray  A p e n e t r a t i n g  form o f  e l e c t r o m a g n e t i c
r a d i a t i o n  emi t t ed  e i t h e r  when the  i nner  
o r b i t a l  e l e c t r o n s  of  an e x c i t e d  atom 
r e t u rn  to  t h e i r  normal s t a t e  ( the s e  are  
c h a r a c t e r i s t i c  X - r a y s ) ,  or when a metal  
t a r g e t  is bombarded wi t h  high speed 
e l e c t r o n s  ( these  are B r em ss t rah lun g) .  
X-rays  are always nonnuclear  in o r i g i n .
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Attached is a questionnaire that needs to be completed by Radiation 
Monitors and the Supervisors. This questionnaire is part of a research 
project designed to upgrade and improve the Basic Radiation Monitor 
Training (BRMT) program, and the Continuing Education Workshops.
I t  should only take 15 or 20 minutes to complete both sections of the 
questionnaire (Biographical and Job Information). Return the completed 
questionnaire to M/S 631 by June 30, 1988.
I f  you have any questions on any portion of the questionnaire, call Colleen 
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Central Files 
M. W. Chilton 
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